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HIGH ENERGY, COSMOLOGY AND
ASTROPARTICLE PHYSICS (HECAP)

Introduction
There are four broad research areas in the High Energy Section:
I. Phenomenology of Particle Physics,
II. Cosmology,
III. LHC, and
IV. Gravity, String and Higher Dimensional Theories.

Phenomenology of Particle Physics
In 2012, research covered various topics in neutrino physics and flavor physics, in dark matter
and LHC phenomenology.

1. Neutrino physics
a) After the discovery of the leptonic 1-3 mixing, the main objectives in neutrino oscillation
physics are identification of the neutrino mass hierarchy and observation of CP-violation. In
this connection, the physics potential of multi-megaton scale ice or water Cherenkov detectors
with low (few GeV) threshold (PINGU, ORCA projects) has been explored. The distributions
of events versus neutrino energy and zenith angle have been computed. The significances of
establishing mass hierarchy, precise measurements of the 2-3 mixing and the CP-phase are
evaluated. It is found that the hierarchy can be identified at 3 to 10 sigma level after 5 years of
PINGU operation.
b) Several experiments including LSND and MiniBooNE testify for possible existence of new
neutrino states—sterile neutrinos with masses around 1 eV which weakly mix with usual
neutrinos. It has been shown that study of the atmospheric neutrinos in the 10-100 GeV
energy range by DeepCore sub-array (IceCube Neutrino Observatory) can substantially
constrain the mixing of sterile neutrinos. Distributions of the muon neutrino and antineutrino
events have been computed in different energy intervals in DeepCore. The distributions
depend on the mass hierarchy of active neutrinos, so that in principle, the hierarchy can be
identified.
c) Disentangling the seesaw mechanism of neutrino mass generation is one of the central issues
of particle physics. It is shown that in the minimal left-right symmetric model the knowledge
of light and heavy neutrino masses and mixings suffices to determine their Dirac Yukawa
couplings. This in turn allows one to make predictions for a number of low energy
phenomena, such as neutrinoless double beta decay, electric dipole moments of charged
leptons and neutrino transition moments.
d) Using the updated values of nuclear matrix elements, a detailed analysis of neutrinoless double
beta decay has been performed for the minimal Type I seesaw scenario. It has been shown that
sterile (right handed) neutrinos can saturate the present experimental bound of neutrinoless
double beta decay process provided that the mass scale of sterile neutrinos is less than 10 GeV.

2. Higgs Boson, Dark Matter and LHC Phenomenology
a) The “Higgs portal" through which new light scalar particles contribute to the Higgs boson
production and decay has been considered. The scalars modify the Higgs effective potential at
finite temperature via quantum loops. It was shown that with two scalars heaving positive and
negative Higgs portal couplings one can not only improve the LHC Higgs data fits, but also
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enhance the strength of the first order electroweak phase transition required by successful
electroweak baryogenesis in the Early Universe. In the MSSM light stop (as heavy as 140
GeV) and a light sbottom (with mass below 200 GeV) could play the role of the scalars. This
can be directly tested by LHC in the near future.
b) A possibility of having warm dark matter in the minimal left-right symmetric theory is
explored. The lightest right-handed neutrino with a mass around kev is the only viable
candidate consistent with a TeV scale of left-right symmetry. The thermal overproduction of
the kev neutrinos in the Early Universe is compensated by a sufficient late entropy production
due to late decay of heavier right-handed neutrinos. This implies the existence of a narrow
window for the right-handed gauge boson mass, possibly within the reach of LHC.
c) The top quark portal interactions of the dark matter particles are considered. The dark matter
interactions with photons and gluons are loop induced by the axial anomaly of the top quark
current. It can be a natural suppression of the tree-level annihilation of dark matter and the
photon channel has a substantial rate, although mainly the annihilation proceeds into gluons.
As a consequence, there is a connection between the detection rate of gamma line from
annihilation of the DM particles in our Galaxy and the rate of monojet plus missing energy
events at LHC. In this way the 7 TeV data set an upper bound on the photon annihilation
cross-section which is still compatible with a thermal WIMP scenario.

3. Flavor Physics
a) One of the major problems in particle physics is the explanation of the observed pattern of
masses and mixings—the so-called Flavor Puzzle. The pattern of lepton mixing can emerge
from different ways of flavor symmetry breaking in the neutrino and charged lepton Yukawa
sectors. In this framework, a method has been elaborated that allows one to obtain the
relations between the mixing parameters immediately from a discrete group structure in a
model-independent way. The discrete groups of the von Dyck type, which include A4, S4, A5
as well as finite subgroups of infinite von Dyck groups, have been considered. In general, two
relations appear for the mixing parameters (angles and the CP phase) which are consistent
with non-zero 13 mixing and deviations from maximal 2-3 mixing. The CP-phase was
predicted in some cases.
b) The hypothesis of Minimal Flavor Violation (MFV) is another way to understand mixing. In
the MFV framework a model with 2 right-handed neutrinos has been considered where all the
flavor features are contained in two spurion Yukawas. It is shown that minimization of the
most general scalar (spurion) potential, which is invariant under the flavor group, leads to
large mixing angles, as required by data.

Cosmology
In 2012, the primary research activities of the Cosmology group were in the following directions:
1. Inflation. (Creminelli) The symmetries of inflation strongly constrain the properties of the
correlation functions that we observe in the sky. In particular, in single-field models,
correlation functions are very constrained in the limit in which one of the momenta becomes
much smaller than the others. We derived new general relations, valid for any model, dubbed
“Conformal Consistency Conditions” and studied their observational consequences. We also
studied the possibility of imposing a field redefinition symmetry on the inflaton: this gives rise
to a very constrained scenario, called Khronon Inflation with definite predictions, which is
closely related to the recently studied Horava-Lifshitz gravity.
2. Alternatives to Inflation. (Creminelli) Although inflation is a very compelling scenario, some
alternatives are still viable. In particular the scale invariance of the observed cosmological
perturbations could be the consequence of an underlying conformal symmetry. We explored,
from theoretical and observational points of view, the so-called Galilean Genesis scenario,
where a (spontaneously broken) conformal symmetry gives rise to a violent super-acceleration
of the early Universe (the Hubble rate increases with time). The signatures of the models are
12
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very rich, mostly fixed by symmetry and potentially different from inflation. A possible
theoretical drawback of the model, the presence of superluminal propagation in certain
backgrounds, was addressed and resolved, at least for cosmological applications.
3. Large scale structure. The abundance and spatial distribution of galaxy clusters encodes
information about the initial conditions, the expansion history of the universe, and the nature
of gravity. Over the last three decades, two conceptually rather different approaches to
modeling how this information is encoded have been developed. The group showed how to
write the 'peaks-theory' approach in the formalism of the other (the excursion set approach),
thus unifying these two research streams into a single more powerful torrent of information
(Musso, Paranjape, Sheth).
The simplest version of this approach assumes that objects form from a spherical collapse. The
spherical symmetry means that the associated physical and statistical models can be reduced to
one dimensional problems. However, galaxy clusters are not spherical; this is driven by the
surrounding shear field, and incorporating this into the formalism requires extending previous
work to n-dimensions. The group showed how to do this, and that doing so leads to
qualitatively new signatures in the spatial distribution of clusters (Sheth). In particular, it
leads to specific predictions for the quadrupole of the clustering signal, making it a new
cosmological probe (Papai, Sheth).
New collaborations with the Trieste Observatory have spurred the development of a fast
algorithm for generating mock catalogs for the next generation of surveys such as Euclid. It is
orders of magnitude faster than methods based on full-numerical simulations (Sefusatti,
Sheth). The speed is essential if ESA's Euclid survey is to meet its stated goals on
cosmological parameter constraints.

LHC
The year 2012 was as amazing for the CERN Large Hadron Collider experiments as 2011. The
discovery of a new elementary particle was announced: this particle is thought to be the Higgs
boson—the particle hypothesized in the early 1960's to be responsible for giving mass to
elementary particles like electrons, quarks and W-bosons. All tests conducted thus far are
confirming this to be the case.
The ICTP-Udine ATLAS group continued from strength to strength, solidly contributing to
many analyses which were published by ATLAS in 2012. Most of this work was centred around
the top quark—the heaviest known elementary particle and particle with the strongest
interaction with the Higgs particle. These included measurements of the production cross section
of top quark pairs as well as measurements of observables in top quark final states which are
sensitive to new physics beyond the standard model. Many of these measurements are essential
steps towards discovering the Higgs boson. The group is also heavily involved in the search for
the production of the Higgs boson in association with top quarks—a measurement which is an
essential test of the Higgs boson hypothesis.
A former ICTP diploma student (Muhammad Alhroob from Palestine) returned to the group at
the beginning of the year as a postdoc having completed his PhD in Bonn and is working hard on
the Higgs measurement above. He obtained a CERN-INFN fellowship which funds his
participation in the group. A former University of Trieste PhD student in the group (Michele
Pinamonti) obtained a postdoc at SISSA which allows him to continue working in the group at a
more senior level. Michele also works on the Higgs with Muhammad. Two of the groups
postdocs (Umberto de Sanctis and Kate Shaw) obtained fellowships enabling them to be stationed.
On average during 2012, the group had five postdocs and two PhD students. All the postdocs and
students presented talks and/or posters at international conferences in 2012. All in all, in 2012,
ATLAS published (and submitted for publication) 125 papers and over 100 conference notes.
The presence of the ICTP ATLAS group continues to provide an added visibility for ICTP at
CERN, which has helped catalyze other activities such as the African School in Fundamental
Physics.
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String Related Topics
In 2012, the activities in string related topics in our group was mainly in the following directions:
1) General features of String theory / M theory compactifications are studied and it is argued
that for the compactifications that give rise to MSSM spectra below the compactification scale,
there is a robust prediction for the Higgs mass of about 125 Gev (f, 12,14).
2) Holography:
a) One area of study was on the holographic realization of superfluidity. Specifically solutions
in 5-dim gauged supergravity resulting from a consistent reduction of Type IIB theory.
The corresponding solutions for superfluid velocities below a critical value are charged
AdS domain wall solutions that are shown to demonstrate Quantum criticality in the
infrared region.
b) In a particular model of holographic QCD with $N_f$ flavours and $N_c$ colours in the
large $N_c$ and $N_f$ limit keeping the ratio $N_f/N_c$ fixed, it is shown that below a
critical value of this ratio the spectra are discrete and gapped while near the critical point
where the theory becomes conformal all the masses go to zero uniformly. The physics of
this study is important for possible applications to technicolour theories.
c) It is known (particularly through the recent works of Komargodski and Schwimmer) that
when an RG flow interpolates between two conformal field theories by some operator
acquiring a vacuum expectation value, there is an associated Goldstone boson (called
dilaton). A study is underway to identify this dilaton field in the holographic description of
such RG flows.
3) Several works on obtaining tree level higher derivative corrections to the D-brane effective
actions for both supersymmetric and non supersymmetric cases were carried out. In particular
4-point functions involving a closed string (RR) field and 3 open string fields such as gauge
fields, massless scalars and tachyons (in the non-supersymmetric case). Studying these
amplitudes in the factorization limit yields infinite set of higher derivative terms. A remarkable
fact that was realized was that the pattern of these higher derivative corrections is universal, a
fact which cannot be understood from any known duality symmetries of string theory.

Training Activities
School and Workshop on Strongly Coupled Physics beyond the Standard Model
16-27 January
Organizers: K. Agashe, C. Grojean, R. Rattazzi, M. Serone
Spring School on Superstring Theory and Related Topics
19-27 March
Organizers: E. Gava, S. Minwalla, K.S. Narain, S. Randjbar-Daemi, E. Silverstein
Summer School on Cosmology and Workshop on Large Scale Structure
16 July - 2 August
Organizers: S. Borgani, P. Creminelli, A. Paranjape, E. Sefusatti, U. Seljak, R. Sheth
BENE 2012 - Behind Neutrino Mass - Workshop on theoretical aspects of the neutrino mass and
mixing
17-21 September
Organizers: F. Feruglio, E. Ma, R. Mohapatra, A. Smirnov
International Workshop on Recent Developments in Astronuclear and Astroparticle Physics
19-23 November
Organizers: M. Busso, C. Ciofi degli Atti, S. Fantoni, M. Feroci, R. Sheth, D. Treleani, A. Vacchi
Hosted Activities
The Joint SISSA/ICTP Workshop on Interacting Galaxies and Binary Quasars
14
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2-5 April
Organizers: J. Moreno, R. Sheth
The Joint Trieste Observatory/ICTP Workshop on the Physics of Star Formation and its Role in
Galaxy Evolution
16-18 October
Local Organizer: R. Sheth
Outside Activities
ICTP/SAOO/PI Cape Town International Cosmology School - Stellenbosch, South Africa
1 -28 January
Organizers: P. Creminelli, R. Sheth
African School of Fundamental Physics and its Applications - Kumasi, Ghana
15 July - 4 August
Organizers: B. Acharya, K. Assamagan, C. Darve, J. Ellis, S. Muanza

Participation in International Programmes
European Contract “UNILHC” - “Unification in the LHC Era”

Services
S.S. Abdussalam

Representative of HECAP section postdocs

B.S. Acharya

Supervised 1 student for thesis defence of ICTP Postgraduate Diploma.
Supervisor of 7 Postdocs.
Supervisor of 3 PhD students.
Supervisor of 1 Postgraduate Diploma Programme student.
Supervisor of 2 PhD students at King's College, London and 6
undergraduate students.
Awarded external research grant: King's College Department fellowship
to partially fund one ICTP Postgraduate Diploma student's PhD studies.
Served on committee to appoint a Conference Secretary at the ICTP.
Spent significant time preparing for the 2012 African School in
Fundamental Physics and its Applications.
Collaborated with ATLAS and CMS experimental groups in Africa and
South America: advised on how to maximize potential funding
opportunities and have directly collaborated.
Developed a detailed funding proposal for Kings-ICTP collaboration
which will be submitted to various funding agencies in early 2013.

D. Arean

Tutorials on Quantum Mechanics for the Postgraduate Diploma
Programme in Physics.
Co-supervisor of STEP student (I. Salazar, Argentina).
Arranges String Theory group seminars.
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P. Creminelli

Lectured on General Relativity for the Postgraduate Diploma
Programme.
Course on Inflation at Lausanne.
Course on Inflation at SISSA.
Organizer of the Summer School on Cosmology and Workshop on Large
Scale Structure.
Supervisor of 2 Postgraduate Diploma Programme students and
examiner for thesis defence.
Supervisor of 2 PhD students from SISSA.
Supervision of 2 HECAP Postdocs.
Member of the Committee for the selection of P3 LHC position within
the HECAP group.
Member of the Committee for the selection of a position within the
ICTP Library.
Organizer of the Spring School on Superstring Theory and Related
Topics. Lectured on Relativistic Quantum Mechanics for the Diploma
Programme.

E. Gava

Supervised one Diploma Programme student and one PhD SISSA
student.
Examiner for thesis defence of Diploma Programme students.
Tutorials on Quantum Field Theory for the Diploma Programme.

E. Hatefi

Arranges String Theory group seminars.
D. Hernandez Diaz

Tutorials on Particle Physics and General Relativity for the
Postgraduate Diploma Programme.
Scientific Secretary of BENE 2012 - Behind Neutrino Mass - Workshop
on Theoretical Aspects of the Neutrino Mass and Mixing.

D. Lopez Nacir

Arranged Cosmology group seminars.

K.S. Narain

Coordinator of the Postgraduate Diploma Programme in High Energy
Physics.
Head of the Postgraduate Diploma Programme as of 1 September.
Lectured on Quantum Field Theory for the Postgraduate Diploma
Programme and Mathematical Methods for the Postgraduate Diploma
Programme in Physics.
Supervision of one Diploma Programme student and three PhD SISSA
students.
Organizer of the Spring School on Superstring Theory and Related
Topics.

16
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M. Nemevsek

Supervisor to 1 Postgraduate Diploma Programme student.
Arranged Phenomenology group seminars.

A. Paranjape

Arranged Cosmology group seminars.
Scientific Secretary of the Summer School on Cosmology and Workshop
on Large Scale Structure.
ICTP/SAOO/PI Cape Town
Stellenbosch, South Africa.

International

Cosmology

School,

Contributed to creating the “Quantum Mechanics” section of the
Moodle-platform online learning system hosted by ICTP.
S. Randjbar-Daemi

ICTP Deputy Director a.i. and Head, High Energy, Cosmology and
Astroparticle Physics Section.
Head of Postgraduate Diploma Programme and coordinator of the
Postgraduate Diploma in Physics.
Supervisor of the Assistant Director of Administration.
Supervisor of the Head of the Library.
ICTP staff in charge of IOS Evaluation of the ICTP.
Member of the SAC Committee for a number of positions within ICTP.
Annual Programme Committee Member and few other Committees, as
well as on the joint ICTP-INFN Committee.
Organizer of the Spring School on Superstring Theory and Related
Topics.
Followed the creation and opening of the ICTP South American
Institute for Fundamental Physics in Sao Paulo, Brazil, and Member of
the SAIFR Steering Committee and Scientific Council.
Followed the creation and signature of the MOU between the Izmir
Institute of Technology (IZTECH) Turkey, and the ICTP.

E. Sefusatti

Scientific Secretary of the Summer School on Cosmology and Workshop
on Large Scale Structure.
Tutorials on General Relativity for the Postgraduate Diploma
Programme.

G. Senjanovic

Lectured on The Standard Model for the Postgraduate Diploma
Programme.
Lectures on the Standard Model at the School on High Energy Physics,
Sarajevo, Bosnia and Herzegovina.
Supervised one Postgraduate Diploma student for the thesis.
Supervised three PhD students at SISSA.
Supervised one STEP programme PhD student.
Supervision of one ICTP Associate.
Member of the organizing committee of the VIII Recontres du Vietnam
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on Beyond the Standard Model, Quy Nhon, Vietnam.
Member of the steering committee of COSMO series of International
Conferences: Particle Physics and Cosmology, COSMO2012, Beijing,
China.
Member of the International Organizing Committee of the PLANCK
series of Conferences: From Planck to the Electroweak Scale,
Planck2012, Warsaw, Poland.
ICTP representative of the Trieste node of the UniverseNet: European
Community’s Network, Sixth Framework Programme.
Member of the International Advisory Board for the Central European
Joint Program of Doctoral Studies in Theoretical Physics.
Member of the Editorial Board of the Roadmap for neutrino physics
2012 in Europe.
Member of the Steering Committee for the Croatian Membership at
CERN.
Coordinator of the International Advisory Committee of the SEENETMTP: Southeastern European Network in Mathematical and
Theoretical Physics.
R. Sheth

Lectured on Cosmology for the Postgraduate Diploma Programme.
Taught SISSA/PhD course on Large Scale Structure.
Organizer of the Summer School on Cosmology and Workshop on Large
Scale Structure.
Organizer of the International Workshop on Recent Developments in
Astronuclear and Astroparticle Physics.
Co-director ICTP/SAOO/PI Cape Town International Cosmology
School, Stellenbosch, South Africa.
Co-organizer Joint ICTP-SISSA Workshop on Interacting Galaxies and
Binary Quasars.
Co-organizer Joint ICTP-INAF workshop on The Physics of Star
Formation and its Role in Galaxy Evolution.
Interaction with ICTP Associates and Section postdocs.
Supervisor Postgraduate Diploma Programme theses for 3 students.
Supervisor of 2 SISSA PhD Students.
External PhD examiner/reviewer of 4 candidates (Sydney, Barcelona,
Zurich, APC-Paris).
External Laurea examiner/reviewer of 1 candidate (Padova).
HECAP representative to Faculty Board.
Member of ICTP Library committee, Promotions committee, Committee
on Emeriti.
Brokered agreement between ICTP and the International Astronomy
Union's Office of Astronomy for Development (IAU-OAD).
Senior Visiting Scholar: AIMS, Cape Town, South Africa.
Visiting Professor: LUTh, Meudon Observatory, France (June).

18

ICTP Full Technical Report 2012

Lecturer: School on Galaxy Surveys, TIFR, India (December).
Co-organizer: Perturbative Approaches to Redshift Space Distortions,
Pauli Institute, Zurich (July).
Member: IAU-OAD Task Force 1 (Research and Universities).
Member: Kaufman Science Advisory Board.
A. Smirnov

Lectured on Introduction to Particle Physics for the Postgraduate
Diploma Programme.
Supervision of 2 Postgraduate Diploma Programme students.
Supervision of two High Energy postdocs.
Collaboration with five High Energy invited guest scientists.
Organization of the Phenomenology activities within the High Energy
Section.
Organizer of the BENE 2012 - Behind Neutrino Mass - Workshop on
Theoretical Aspects of the Neutrino Mass and Mixing.
Editor of JHEP (Journal of High Energy Physics) and JCAP (Journal of
Cosmology and Astroparticle Physics).
Humboldt research award: visit to Max-Planck-Institut für Physik
(Munich).
Member of the European Network INT “Invisibles”.
Member of Advisory Committees of several international conferences
including “Neutrino 2012”.
“Neutrino Physics: What is Next?”, Solvay Colloquium, Université Libre
de Bruxelles, Brussels, Belgium.

G. Thompson

Head of ICTP Office of External Activities.
Lectured on Quantum Mechanics for the Postgraduate Diploma
Programme in Physics.
Actively follows the ICTP-FABS project.
Chairman of the IT Committee.

M. Torabian

Tutorials and co-teaching on Quantum Electrodynamics for the
Postgraduate Diploma Programme.

G. Zaharijas

Scientific secretary of the International Workshop on Recent
Developments in Astronuclear and Astroparticle Physics.

Y. Zhang

Tutorials on The Standard Model and Introduction to Particle Physics
for the Postgraduate Diploma Programme.
Arranged Phenomenology group seminars.
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Staff and Long-Term Visitors
Professional Staff
S. Randjbar-Daemi, Iran
B. Acharya, UK
P. Creminelli, Italy
K.S. Narain, India
G. Senjanovic, Croatia
R. Sheth, USA
A.Yu. Smirnov, Russian Federation
G. Thompson, Australia
Consultants
E. Gava, Italy
Visiting Scientists (2 months or more)
E. Akhmedov, Russian Federation
L. Boubekeur, Algeria
C. Ferreira Nunes, Brazil
Kim Choong Sun, Korea

Postdoctoral Fellows
S. Abdussalam, Nigeria
M. Alhroob, Palestine (6 month contract)
D. Arean, Spain
B. Dasgupta, India
R.K. Gupta, India
E. Hatefi, Iran
D. Hernandez Diaz, Cuba
D. Lopez Nacir, Argentina
M. Nemevsek, Slovenia
P. Papai, Hungary (CERES Post-doc / tenuretrack, PSU, Thailand)
A. Paranjape, India
E. Sefusatti, Italy
K. Shaw, UK
M. Torabian, Iran
G. Zaharijas, Serbia
Y. Zhang, China

Funding
School and Workshop on Strongly Coupled Physics beyond the Standard Model
Italian National Institute of Nuclear Physics (INFN
International School for Advanced Studies (SISSA)
Spring School on Superstring Theory and Related Topics
Italian National Institute of Nuclear Physics (INFN
Asia Pacific Center for Theoretical Physics (APCTP)
Summer School on Cosmology and Workshop on Large Scale Structure
Italian National Institute of Nuclear Physics (INFN
BENE 2012 - Behind Neutrino Mass - Workshop on theoretical aspects of the neutrino mass and
mixing
Italian National Institute of Nuclear Physics (INFN
International Workshop on Recent Developments in Astronuclear and Astroparticle Physics
Italian National Institute of Nuclear Physics (INFN
Postdoc: E. Sefusatti
Italian National Institute of Nuclear Physics (INFN

20
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CONDENSED MATTER AND
STATISTICAL PHYSICS (CMSP)

Permanent and Temporary Staff and Visitors in 2012
The permanent staff of the Condensed Matter and Statistical Physics group consisted of 7 staff
members, the same as in 2011.
The total number of postdoctoral fellows and long-term (> 3 months) visiting scientists in 2012
was 20 (20 in 2011). Of them, 12 were nationals of developing countries, 2 were national of
Eastern European countries, and 6 were nationals of developed countries (including two paid by
the EC grants and a cost-free sabbatical visitor). The total number of months spent at ICTP by
this category of scientists was 158 (176 in 2011), so that the average number of temporary
research staff was 13 (15 in 2011), slightly less than in 2011.
The total number of visits to the CMSP group in 2012 was 232 (216 in 2011) (94 of them made
by scientists from developing countries, including 16 scientists from Africa, 30 from East
European countries and 108 from developed countries, including 63 from Italy).
An active part in the research and training activities has been also taken by 5 consultants, 2 staff
associates and 3 long-term visiting scientists. One of them, A. Silva became a consultant as of July
2012 to replace M. Fabrizio.

Research Directions
Traditionally, the scientific activities of the CMSP group follow four major directions:
1. Physics of Disordered and Strongly Correlated Electron Systems, including theoretical
nanophysics, localization, quantum systems out of equilibrium, low-dimensional systems with
interaction, strong electron correlations in new materials, disordered superconducting and
superfluid systems, cold bosonic and fermionic atoms.
This direction was represented by the activities of staff members V.E. Kravtsov, M.N. Kiselev,
M. Müller; staff associates A. Nersesyan and V. Yudson, a long-term visiting scientists M.
Bejas and S. Pilati; consultants B.L. Altshuler, M. Fabrizio, G. Santoro, A. Silva, E. Tosatti and
a number of postdoctoral fellows (A. Andreanov, Y. Iqbal, V. Lukose, Z. Ratiani, G. Söyler, H.
Xie).
2. Statistical Mechanics and Applications, including cooperative phenomena in complex adaptive
systems, statistical mechanical description of complex networks and financial markets,
application of statistical mechanics to computer science, optimization problems in genetics and
biophysics, non-equilibrium statistical mechanics, quantum computing.
Within this direction a new initiative on Systems Biology has been recently launched with M.
Marsili as the Coordinator.
This direction was represented by the activities of the staff members M. Marsili (Coordinator),
M. Müller and A. Scardicchio, consultant G. Mussardo, long-term visiting scientist M.
Budinich and a number of postdoctoral fellows (M. Bahrami, M. Bardoscia, A. Barato, G. Gori,
J. Hide, G. Livan).
3. Electronic Structure and Condensed Matter Computer Simulations, including simulations of
condensed matter at high pressures, new materials, ab-initio calculations of properties of nanoand bio-systems, catalysis and surface physics, physics of friction and lubrication.
Within this direction a new initiative on Computational materials science for renewable
energy applications has been recently launched with R. Gebauer as the project Coordinator.
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This direction was represented by the activities of the staff members: R. Gebauer, S. Scandolo;
consultants E. Tosatti, G. Santoro, long-term visitor N. Seriani and a number of postdoctoral
fellows (Y. Crespo, O.E. Gonzalez Vazquez, M.T. Nguyen, C. Pinilla, A. Raji).
4. Quantum Theory of Friction and Related Phenomena.
This direction was represented by the activities of E. Tosatti and G. Santoro and their
collaborators, in particular scientists visiting ICTP (O. Braun, M. Urbakh).

Research Accomplishments
Publications
The research activities along the above directions resulted in 51 publications (58 in 2011) in the
major peer-reviewed journals in 2012. They include 3 papers published in PNAS, 2 papers
published in Nature Physics and Nature Materials; 9 papers published in The Physical Review Letters;
15 in The Physical Review; 5 in Journal of Statistical Mechanics.
Twenty-five papers written in 2012 are in press or submitted to be published.

Seminars
The intensity and diversity of scientific life inside the group is illustrated by the number (85 in
2012) and the subjects of research seminars: seminars on Disorder and Strongly Correlated
Systems (29 in 2012), Joint ICTP-SISSA seminar on Statistical Physics (31 seminars in 2012),
Joint ICTP-SISSA Condensed Matter Colloquia and Condensed Matter seminars (8 in 2012). In
addition there were 17 informal seminars and special seminars.

Invited Talks
The members of the CMSP group gave 34 plenary or invited talks in major international
meetings in 2012, highlighting the results of the group’s research.

Main Research Results
The main results obtained in 2012 in the field of Physics of Disordered and Strongly Correlated
Electron Systems are:
1. Universal work fluctuations in quantum systems out of equilibrium. (A. Silva)
Energy acquired (or work done) by thermally isolated quantum system taken out of
equilibrium by varying in time a parameter of the Hamiltonian experiences fluctuations. The
search for universality in the distribution of the work in a number of integrable systems has
been performed which revealed power-law edge singularities in the distribution controlled by
exponents that do not depend on the specifics of the time dependence, but just on the initial
and final values of the parameter varied. Using the theory of large deviations a universal
behavior in the statistics of the work after a quantum quench was identified on the basis of the
analogy with the critical Casimir effect.
2. Monte-Carlo study of Pfaffian superfluidity in ultra-cold Fermi-gases. (S. Pilati)
Quantum Monte-Carlo simulations of exotic superfluid phases with p-wave pairing are
performed. This research is motivated by the recent experimental advances in the
manipulation of p-wave Feshbach resonances, which allow to tune the strength of the
attractive interaction between identical fermionic atoms, possibly leading to so-called equalspin pairing, and by the ongoing vibrant experimental activity aiming at realizing samples of
cold molecules with strong dipolar interactions. The theoretical description of these phases is
a challenge which is related with the fractional quantum Hall states at half-filling and with the
physics of spin-triplet superconductors such as Strontium Ruthenate, and with the A and B
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superfluid phases of liquid Helium 3. It is also related with the search for Majorana states in
topologically non-trivial superfluids and superconductors.
3. Breathing Kondo cloud. (M. Kiselev)
A nano-mechanical system containing the mobile “Kondo-impurity” (the spin localized on a
quantum dot) that may move and interact with free electrons in the electrodes is considered.
When the Kondo impurity is close to the electrodes the free-electrons may tunnel into the dot
leading to the screening of the spin by the Kondo cloud of opposite-spin polarized electrons in
the leads. As the distance of the “Kondo impurity” to the electrodes is time-dependent due to
its oscillatory motion in the shuttle process, the parameters of the Kondo cloud experience
breathing variations in time. As the result, the dissipation in the nano-device may be
dominated by the relaxation of the Kondo cloud. Hence, the quality factor of the device may be
used for characterization of the Kondo screening.

Left panel: Gradient forces in shuttling devices (experiment).
(Right panel: Shuttle with a cantilever - setup for dynamical probing the Kondo Cloud.

4. Hydrodynamics of ideal quantum gases: Fermi vs. Bose. (M. Müller)
Expansion of ideal quantum gases from a constriction into a wider space is studied with the
aim to search for signs of turbulence or non-laminar flow due to the statistical “interaction”. It
is shown that the flow of Fermi gas is highly non-laminar with the structure of correlated
vorticity in the flow velocity field. In contrast, Bose gas does not show any vorticity pattern.

Current and vorticity pattern of non-interacting
fermions driven out of a narrow channel (opening on
the left) into a wider channel, filled originally with a
Fermi sea in its ground state. The Fermi statistics
leads to a non-trivial vorticity pattern. It persists in
the steady state that develops after a short time. The
patches of vorticity have diameter of the order of the
Fermi wavelength and, for strongly driven charged
particles, enclose magnetic moments of order of a Bohr
magneton.
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5. What is critical in the critical spectral statistics? (V. Kravtsov and A. Scardicchio)
It is known for quite a while that the quantum phase transitions exhibit themselves in the
change of the spectral statistics typically from the Wigner-Dyson (WD) to the Poisson (P)
type. At the transition point there is a scale-independent (fixed point) spectral statistics
nicknamed “critical spectral statistics”. Best studied is the case of Anderson localization
transition where the energy level statistics has been studied in detail. It is essentially a hybrid
of the WD and P-statistics, but it does not show any power-law behavior typical of criticality.
In this work, we show that the criticality does exist; however, not in the global but rather in
the local density of states spectral statistics. The corresponding level spacing distribution can
be mapped onto the random Cantor set characterized by the power law large-gap distribution.

The Cantor-set in the spectrum of disordered
systems at criticality.

The main results obtained in 2012 in the field of Statistical Mechanics and Applications are:
1. Random matrix theory of random markets (M. Bardoscia, G. Livan, M. Marsili).
This study is devoted to characterizing the typical properties of ensembles of large random
markets. The main result is on the emergence of a transition between an arbitrage-free phase
and a phase where arbitrage opportunities arise due to inconsistencies in the pricing methods
adopted by different agents in a financial market.
Another study exploits a random matrix analysis of the different correlation structures
observed in the real and financial sides of the American economy.

Numerical evidence of a phase transition from an
arbitrage free phase (red) to a phase where arbitrage
opportunities arise (blue) in a stylized model of a
financial market. n measures the ratio between the
number of agents and the number of financial instruments
in the market, whereas k measures the average consistency
between the pricing strategies adopted by different agents.
The green dots represent the prediction of the critical line
obtained in: Bardoscia, M.; Livan, G.; Marsili, M. 2012.
Financial instability from local market measures. J. Stat.
Mech. P08017.
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2. Freedom vs. pride in climbing the social staircase (M. Bardoscia, G. Livan, M. Marsili)
In a simple model of social networks it was found that the more individuals care about social
status the more social hierarchy is reinforced. This has the counterintuitive consequence that
social mobility is reduced precisely in those societies where opportunities to climb the social
hierarchy are unconstrained. This matches empirical data that show that social mobility in the
US is much smaller than in less free societies.
3. Systems biology: a view from statistical inference and information theory (M. Marsili)
A new indicator for codon bias was devised, based entirely on information theory concepts,
that strongly correlates with relevant indicators of tRNA, mRNA and protein abundance. It
was found that optimal information transmission at fixed time scales has a remarkable
predictive power, as a design principle, for regulatory networks in noisy environments.
The main results obtained in 2012 in the field of Electronic Structure and Computer Simulations
are:
1. Non-molecular phases of CO2 at high pressure (S. Scandolo)
At low pressure conditions CO2 is a gas or molecular crystal. It was predicted for the first time
in 1999 in the work of S. Scandolo that at high pressure a non-molecular phase of CO2 may
exist which could be of high importance for planetary evolution. In collaboration with
experimental groups in Firenze and Montpellier, the non-molecular phase CO2-V obtained
from molecular CO2 at 40–50 GPa and T > 1500 K was studied using synchrotron X-ray
diffraction, optical spectroscopy, and computer simulations. It was found that the structure of
CO2-V is a partially collapsed variant of SiO2 β-cristobalite. The existence of CO4 tetrahedra is
thus confirmed for the first time through direct structural analysis. The results suggest a
novel mechanism for carbon incorporation in minerals, with potential implications for Earth
and planetary interiors.

CO4 tetrahedra

2. Interactions of chromophores with a liquid environment: a large-scale numerical simulation
for renewable energy (R. Gebauer)
Interactions of chromophores with a liquid environment is a very common situation, both in
biology where photoactive centers live in aqueous environments as well as in technology,
where dye sensitized solar cells need a liquid electrolyte to function. Extensive studies based
on molecular dynamics and time-dependent density functional theory have elucidated a subtle
interplay between the solvent and the solute and have shown that common paradigms for an
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approximate treatment of liquid environments do not lead to a satisfactory description of the
photophysics of such systems. The molecules of a liquid form an effective confinement of the
solute which alters its rotational and vibrational degrees of freedom considerably. Thus, the
thermal motion of a combined liquid-solute system is very different from the motion of a free
molecule. The altered molecular conformations of the solute can have strong influence of the
possible electronic transitions, the oscillator strength, and thus on the perceived color.
Using first-principles molecular dynamics allows one to sample the relevant configurations
and using computational spectroscopy, it is possible to establish a clear correspondence
between structure and optical properties. Such an in-depth understanding is crucial for the
future improvement of dye sensitized solar cells. Computer simulations along these lines allow
the study of promising candidate materials before they are synthesized experimentally.

Graphical representation of a CdTe nanocrystal
solvated in water. The electronic charge response to
optical excitations is also shown.

3. Towards efficient energy storage: computer simulations of perspective materials (R. Gebauer,
N. Seriani, M.T. Nguyen, Y. Crespo)
The adsorption and dissociation of water on surfaces of hematite (alpha-Fe2O3) were
investigated. The goal was to understand the mechanisms of water splitting. Regarding
lithium batteries, most of the research involved the characterization of materials for the
cathode of lithium-air batteries. In particular, the focus was on alpha-MnO2 (project in
collaboration with Yanier Crespo), a promising catalyst for the reversible formation of lithium
peroxide in the cathode of the battery. Simulation of this transition metal oxide presents
considerable challenges, also in view of the complex magnetic properties. To be able to
describe its properties, ab-initio simulations were supplemented by a statistical spin model to
reproduce the spin glass behavior of this compound. A proper description of its properties was
achieved, and now the role of this compound in the processes taking place in the battery is
substantially clarified.
The main result obtained in 2012 in the field of Quantum Theory of Friction is:
1. “Toy” frictional systems: theory and experiment (E. Tosatti)
The goal was to explore nano-friction in “toy” systems, particularly trapped colloidal particles.
These experiments are actively undertaken in Stuttgart, with very promising perspectives. In
particular, the static and dynamic friction in sliding colloidal monolayers was theoretically
studied in situations close to experimental ones.
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External Funding
The group staff members are involved in a number of international scientific projects/networks:
• EU-FP7 Collaborative Project “ADGLASS” (S. Scandolo)
• International Council for Science (ICSU) grant to support African scientists (S. Scandolo)
• I2CAM program (M. Kiselev)
• ISCRA (Italian SuperComputing Research Allocation) Grant (R. Gebauer, N. Seriani)
• FOODCAST grant from SISSA NETADIS EU Initial Training Network (M. Marsili)

Training Activities
ICTP training activities
The condensed matter related training activities in 2012 included 14 Schools and Conferences (14
in 2010 and 22 in 2011), including 3 held in developing countries (see appended list). In all of
them except smr2279 the members of and consultants to CMSP Group acted as directors or local
organizers.

Teaching at ICTP
Seven staff members (R. Gebauer, V. Kravtsov, M. Kiselev, M. Marsili, M. Müller, S. Scandolo, A.
Scardicchio), 2 consultants (G. Mussardo, G. Santoro), 1 Staff Associate (A. Nersesyan), 3 longterm visiting scientists (A. Silva, N. Seriani, S. Pilati) and postdoctoral fellows (A. Andreanov, M.
Bardoscia, O. Gonzalez Vazquez, V. Lukose, G. Livan, M.T. Nguyen, C. Pinilla, A. Raji, G. Söyler,
H. Xie) took part in teaching and tutoring in the ICTP Diploma Programme and the Joint ICTPSISSA PhD Programme on Statistical Physics.

Teaching in Africa, Asia and Latin America
The CMSP section organized organized 2 Regional Schools in Kenya and Colombia and took part
in the teaching of three outside ICTP activities:
• 2nd African School on “Electronic structure Methods and Applications” (Eldoret, Kenya) – S.
Scandolo
• Joint ICTP-TWAS Caribbean School on Electronic Structure Fundamentals and
Methodologies (Cartagena, Colombia) – S. Scandolo
• Workshop on Infectious Diseases (Arusha, Tanzania) – M. Marsili

Service outside ICTP
R. Gebauer

Member, Editorial Board, Solid State Communications, Elsevier

M. Kiselev

Associate Editor, The African Review of Physics
Co-director of APCTP-ICTP Joint Conference on Quantum
Transport through Nanostructures, APCTP, Pohang, South
Korea, 30 August - 2 September 2012.

M. Marsili

Organized the International Master's Program on the Physics of
Complex Systems (SISSA, Politecnico di Torino)
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S. Scandolo

Member, Editorial Board, Solid State Communications, Elsevier
Member, Editorial Board, High Pressure Research, Taylor &
Francis
Member, Editorial Board, The African Review of Physics
Member, Steering Committee, Psi-K European Network
Vice-chair, IUPAP Commission on Physics and Development
(C13)

A. Silva

Organized a KITP program on “Quantum dynamics of thermally
isolated systems”, August-November 2012, KITP, Santa Barbara

Outstanding Community Recognition
E. Tosatti was elected Member, Accademia di Brera (Istituto Lombardo di Lettere ed Arti),
Milan, Italy.

Scientific Staff and Visitors
Professional Staff
R. Gebauer, Germany
M. Kiselev, Russian Federation
V.E. Kravtsov, Russian Federation
M. Marsili, Italy
M. Müller, Switzerland
S. Scandolo, Italy
A. Scardicchio, Italy

Staff Associates
A.A. Nersesyan, Georgia
V.I. Yudson, Russian Federation

Consultants
B.L. Altshuler, USA
M. Fabrizio, Italy
G. Mussardo, Italy
G. Santoro, Italy
A. Silva, Italy as of 1 July 2012
E. Tosatti, Italy
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Long-Term Visiting Scientists
Senior Postdoctoral Fellows:
S. Pilati, Italy
N. Seriani, Italy
A. Silva, Italy until 30 June 2012
Postdoctoral Fellows:
A. Andreanov, Russian Federation
M. Bahrami, Iran
M. Bardoscia, Italy
M. Bejas, Argentina
M. Budinich, Italy
A. Cardoso Barato, Brazil
W.E. Clifford-Brown, UK
Y. Crespo Hernandez, Cuba
O.E. Gonzalez Vazquez, Cuba
G. Gori, Italy
J. Hide, U.K.
Y. Iqbal, India
G. Livan, Italy
V. Lukose, India
M.T. Nguyen, Vietnam
C. Pinilla, Colombia
A. Raji, Nigeria
Z. Ratiani, Georgia
S.G. Söyler, Turkey
H. Xie, China

Summary in Numbers:
Publications in peer-review journals
51
Invited talks (excluding seminars)
34
Schools, workshops and conferences organized
14
Visits to the group
(excluding lecturers and participants of training activities) 232

Funding
ICTP funding in 2012 was at the same level as in 2011: total of €600,000 for the Condensed
Matter and Statistical Physics activities.

Condensed Matter Related Activities 2012
smr2348
2 - 13 July
Summer School on Quantum Many-body Physics of Ultra-cold Atoms and Molecules
Organisers: A. Perali, C. Sa de Melo, C. Salomon, S. Yip
Local Organiser: M. Kiselev
smr2350
16 - 20 July
Workshop on Quantum Simulations with Ultracold Atoms
Organisers: I. Bloch, M. Inguscio, M. Lewenstein, A. Trombettoni, G. Mussardo (local Organiser)
smr2357
6 - 17 August
Innovations in Strongly Correlated Electronic Systems: School and Workshop
Organisers: P. Coleman, A. Chubukov, A. Schofield, Hai-Hu Wen, H. Takagi
Local Organiser: E. Tosatti
smr2360
20 - 24 August
Workshop on Majorana Fermions, Non-Abelian Statistics and Topological Quantum Information
Processing
Organisers: Y. Oreg, G. Rafael, A. Stern, F. von Oppen
Local Organiser: M. Kiselev
smr2361
20 - 31 August
School on Large Scale Problems in Machine Learning and Workshop on Common Concepts in Machine
Learning and Statistical Physics
Organisers: H.J. Kappen, M. Opper, R. Zecchina
Local Organiser: M. Marsili
smr2362
27 - 31 August
Workshop on Complex Quantum Systems: Non-Ergodicity, Glassiness and Localization
Organisers: C. Chamon, R. Moessner, M. Müller, A. Scardicchio (local organiser), F. Zamponi
smr2367
24 - 28 September
Workshop on Physical Virology
Organisers: F. Livolant, V. Lorman, C. Micheletti, R. Podgornik
Local Organiser: M. Marsili
smr2371
15 - 24 October
Advanced Workshop on Energy Transport in Low-Dimensional Systems: Achievements and Mysteries
Organisers: A. Dhar, M.N. Kiselev, Y.A. Kosevich, R. Livi
Local Organiser: M. Marsili
smr2376
26 - 30 November
School on Numerical Methods for Materials Science Related to Renewable Energy Applications
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Organisers: F. De Angelis, S. Fabris, R. Gebauer, N. Seriani
smr2415
26 November - 7 December
Winter School on Quantitative Systems Biology
Organisers: V. Balasubramanian, A. Sengupta, M. Vendruscolo
Local Organiser: M. Marsili
smr2377
3 - 7 December
Workshop on Nanophotonics
Organisers: F. Capasso, D. Lopez, E. Isaacs, A. Fainstein
Local Organiser: E. Tosatti

HELD OUTSIDE TRIESTE
smr2279
23 January - 3 February
Workshop on Infectious Diseases (Arusha, United Republic of Tanzania)
Organisers: A.P. Dobson, G.A. Canziani, G.A. De Leo, M. Pascual.
smr2385
28 May - 8 June
2nd African School on 'Electronic Structure Methods and Applications' (ASESMA 2012) (Eldoret, Kenya)
Organisers: G. Amolo, N. Makau, N. Chetty, R. Martin, S. Scandolo
smr2390
27 August - 21 September
Joint ICTP-TWAS Caribbean School on Electronic Structure Fundamentals and Methodologies (an Abinitio Perspective) (Cartagena, Colombia)
Organisers: S. Scandolo, J.A. Montoya, C. Beltran
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MATHEMATICS

Introduction
Fernando Rodriguez Villegas joined the Section in the Fall of 2012. Originally from Argentina,
he comes to ICTP from the University of Texas at Austin. He has broad interests in number
theory, including its computational and geometric aspects. He has also extensive involvement in
outreach efforts.
His joint paper with T. Hausel and E. Letellier, “Positivity of Kac polynomials and DT-invariants
of quivers”, where they complete the proof of an old conjecture of V. Kac on representations of
quivers, has been accepted for publication in the Annals of Mathematics.
Lothar Göttsche returned in September 2012 after spending a year at the Max-Planck Institut in
Bonn, Germany, where he held the prestigious Hirzebruch Chair. As we welcomed him back, we
learned that he had been appointed to the inaugural class of Fellows of the American
Mathematical Society (2012).
Dr. Lassina Dembélé (Warwick University, UK), an outstanding young number theorist,
originally from Côte d’Ivoire, was appointed Staff Associate. Professor Maria José Pacifico
(Instituto de Matemática, Universidade Federal do Rio de Janeiro, Brazil), who was appointed last
year, has already been here a number of times in this capacity. Professor Giovanni Bellettini,
(Dipartimento di Matematica, Univ. Roma “Tor Vergata” and INFN) was appointed Consultant.
He teaches a substantial course on functional analysis and PDE in the Postgraduate Diploma
Programme, and also provides much-needed expertise in these fields.
The newly opened (five-year) position of S.S. Chern Senior Postdoctoral Fellow was filled by Dr.
Qingtao Chen (PhD, University of California at Berkeley) who works on the interface between
geometry, topology and quantum field theory.
On 23 February the Tata Institute of Fundamental Research (TIFR) in Mumbai, India, hosted an
Abel symposium that started with the Ramanujan Prize for 2011 being presented to Professor
Philibert Nang (44) École Normale Supérieure, Laboratoire de Recherche en Mathématiques,
Libreville, Gabon. Consequent to a ‘reset’ of the Calendar of the Prize, the Prize for 2012 was also
announced and presented to the winner—Professor Fernando Codá Marques (32), Instituto de
Matemática Pura e Aplicada, Rio de Janeiro, Brazil—at a ceremony held on 6 September at ICTP.
As of 2013, the Abel Fund has withdrawn its participation in the Ramanujan Prize, which
continues as a joint initiative of the ICTP and the International Mathematical Union.
The new initiative to encourage research in groups proved very popular. Two groups of
researchers from Africa, spent a month each, and greatly profited from the visit. In addition, there
was a “Working group on K-theory” that brought together researchers from Europe, India, Iran,
Russia and Vietnam for two weeks of intense discussions.

Research Activities
Staff
C. Arezzo

In collaboration with Dr. J. Sun, he studied ‘self-shrinking solutions’ of the
mean curvature flow in arbitrary codimension, generalizing results by
Colding-Minicozzi obtained in the hypersurface case. They also studied
conformal solitons to the mean curvature flow. Results on these themes
are already published (online, see below).
They gave a variational characterization of J-holomorphic curves in
symplectic manifold as a first step towards proving general existence
results for holomorphic curves in Kähler manifolds. (Preprint, submitted.)
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In collaboration with A. Loi and F. Zuddas, he computed the Szego kernel
of the unit circle bundle of a negative line bundle dual to a regular
quantum line bundle over a compact Kähler manifold. (Preprint,
submitted.)
L. Göttsche

He has been concerned with refined curve counting on algebraic surfaces.
The number of curves of a given genus, in a linear system on a surface, is
called a Severi degree. In joint work with Shende, he defines (using
Hilbert schemes) refined curve counting invariants, polynomials in a
variable y, specializing to the Severi degrees at y=1. They give a
conjectural generating function for them, and prove it for surfaces with
trivial canonical class. Using tropical geometry (in joint work with Block)
he defines refined Severi degrees, which are again polynomials in y,
interpolating between the count of complex and real curves. These are the
related to the refined curve counting invariants defined in the work with
Shende.

S. Luzzatto

His research in 2012 has been carried out within three main strands.
Geometric and statistical properties of nonuniformly hyperbolic systems:
On this topic a joint paper with Alves and Dias has just appeared (2013) in
Ann. IHP, Analyse Nonlineaire and a paper with ICTP Associate SanchezSalas from Venezuela is in press in Proc. AMS. Joint paper with I.
Melbourne is in print in Communications in Mathematical Physics. Ongoing
work in this direction was carried out during the visits of Alves and
Pinheiro and some progress was made on an existing project with Y.
Pesin.
Prevalence of stochastic dynamics: A preprint has been completed jointly
with previous ICTP postdoc A. Golmakani.
Finite Resolution Dynamics: Discussion have taken place with F. Aicardi
on generalizations of this work using Graph Theory.

R.T. Ramakrishnan

The project of developing a geometric framework for vertex algebras (in
particular, those related to current algebras) is nearing fruition. Function
theory, that figured in earlier versions, has disappeared, replaced by purely
algebraic constructs. Among many consequences is a ‘form’ that is valid
over number rings (possibly with some primes inverted.)

F. Rodriguez
Villegas

His work involves two major themes: hypergeometric motives (and in
particular, the explicit calculation of L-functions that arise from
hypergeometric data) and the geometry of character varieties.
This was the subject of a Journée Hypergéométrique that he co-organised,
hosted by the College de France. He is leading a major international effort
planned over the next two years and centred on this theme.
As for character varieties, this is a joint project with T. Hausel and E.
Letellier, and their paper “Positivity of Kac polynomials and DTinvariants of quivers”, where they complete the proof of an old conjecture
of V. Kac on representations of quivers, has been accepted for publication
in Annals of Mathematics.
He continued a study of the distribution of the coefficients of Poincaré
polynomials of quiver varieties, in discussions with A. Scardicchio of the
Condensed Matter section at ICTP. The plan is to publish an article in a
volume of proceedings of the recent birthday conference in honor of G.
Laumon.	
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Consultants
G. Bellettini
A book on mean curvature flow, containing the classical theory, the theory of minimal barriers,
and the limits of the scalar parabolic Ginzburg-Landau’s equations.
Certain notions of solutions to forward-backward parabolic equations.
Minimal surfaces in Lorentz space, and their connections with geometric measure theory.
The area of the graph of a discontinuous map from the plane to the plane, leading to problems of
minimal surfaces in codimension two.
The problem of reconstructing a three-dimensional shape starting from its apparent contour.
Staff Associates
M.J. Pacifico
Pacifico has interest in the study of flows that have equilibria accumulated by regular orbits of the
flow. This type of flow includes the Lorenz attractor and other generalizations of this attractor.
Among her works, the one with greatest impact is that characterizing robustly transitive sets of
three-dimensional flows: either have no equilibria and are hyperbolic or are attractors of Lorenz
type. In these last years she has established topological and ergodic properties of such flows with
many published papers on this subject, including a book, published by Springer, 2010.
Shiing-Shen Chern Senior Postdoctoral Fellow
Chen, Qingtao
His research interests lie in the areas of differential geometry, topology and mathematical physics.
The work can be roughly divided into two areas of mathematics where physical insights have
been particularly important. The first one is related to supersymmetric quantum field theories,
and involves elliptic genera and Atiyah-Singer theory. The second area is concerned with
topological quantum field theories, and more precisely with the quantum group invariants of
knots and links that have arisen from these theories.
Post-doctoral fellows
Suhas J. Pandit (India) works on geometric group theory; he has been studying geometric
realizations of the outer automorphisms of a free group. He proved that these automorphisms can
be realized as simplicial automorphisms of a suitable ‘sphere complex’.
Asia Rauf (Pakistan), who joined ICTP last year after a Ph.D. at the Abdus Salam School of
Mathematical Sciences in Lahore, continued her investigations (jointly with J. Herzog and others)
into (binomial) ideals in polynomial rings defined by graphs. She is now back in Pakistan.
Jun Sun (China), a student of our former colleague Jiayu Li, continued his investigations into
mean curvature flow, and studied Lagrangian mean curvature flow in almost Calabi-Yau
manifolds. He collaborated with Arezzo on several projects (see Arezzo’s report). Jointly with
Yong Luo, he proved a Berstein-type theorem for Willmore graphs in R3. He also proved a gap
theorem for certain translating solitons.
Yalong Shi (China) worked with Arezzo differential-geometric characterizations of Chowstability of non-compact varieties. He also studied (jointly with H. Li) the Futaki invariant of
blown-up surfaces.
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Long-term visitors
Dr. Bayarmagnai (Mongolia) studied the essential dimension of algebraic groups and continued
his work on the formula of Shintani and Casselman-Shalika.
Dr. Nayam (Chad), a former ICTP Diploma student, joined us in late July 2011 after defending
his thesis at Pisa, and continued his thesis research on optimal shape problems, as well as ModicaMortola type functional. He is also collaborating with Giovanni Belletini. He will stay on in 2013
as a post-doctoral fellow.
K. Sreenadh (India) initiated a collaboration with Professor Roberta Musina (University of Udine,
Italy) which resulted in a paper on radial solutions to the Hénon-Lane-Emden system on the
critical hyperbola, and completed two projects (joint with S. Goyal) on the N-Laplacian.
Short-term visitors
Our short term visitors find the ICTP an ideal venue for collaboration, concentrated writing, and
intense study of the literature.
Ebobisse François (South Africa) used the visit to pursue his work on applied mathematics in
several directions, including plasticity and fracture. His visit facilitated several collaborations
with European mathematicians.
W. Gomaa (Egypt) made significant progress on a joint project (with M. Hoyrup) on
computational complexity and initiated a collaboration with S. Luzzatto.
E. Karimov (Uzbekistan) finished a manuscript on a boundary value problem involving a singular
elliptic equation.
Nader Jafari Rad (Iran) managed to complete several projects in graph theory and participated in
the conference on combinatorics and graph theory.
C. S. Rajan (India) wrote up his striking results establishing an irreducibility property of
characters of irreducible, finite dimensional representations of complex simple Lie algebras, for a
paper that has been accepted by Trans. Amer. Math. Soc.
A. Sadullaev (Uzbekistan) pursued his research on complex pluripotential theory and completed a
project with A. Zeriahi (Toulouse).
R. Sreekantan (India) worked on an analogue of the Hodge-D-conjecture for abelian surfaces with
semistable reduction. He attended the meeting on hypergeometric motives and was stimulated to
start a project to understand regulators of elements of the K-theory of Fermat varieties.
R. Salarian (Iran) used the visit to ICTP (and a ‘satellite’ visit to Halle, Germany) to complete a
project (with G. Stroth) in finite group theory. He also initiated a project with K. Kutnar of the
University of Koper.
Nguyen Duy Tan (Vietnam) worked on finiteness of Galois cohomology of unipotent groups.
Ali Wehbe (Lebanon) and his student Nadine Najdi used the visit to continue their work on
thermoelasticity.
D. Zeidan (Malaysia/Jordan) pursued his ongoing research modeling and numerical analysis of
fluid dynamics and initiated new research partnerships.
Short-term visitors (groups)
There were three groups that responded to our call for collaborative proposals.
The group led by S. Ouaro (Burkina Faso) visited the ICTP during May. The other members
were B. Kone, A. Guiro, S. Soma and I. Nyanquini; at their request we invited A. Iggdr (Inria,
France) to visit for a week to collaborate with them. A number of papers resulted from this group
visit, and one has already been published in Advances in Difference Equations.
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The group led by N. Djitte (Senegal) was at ICTP for a month in November-December. The
others in the group were N.J. Ezeora, S.M. Minjibir and U.B. Adulmalik (all from AUST,
Nigeria). They used the visit to work on the “split equilibrium problem”.
An international group of researchers—from Australia, China, India, Iran, Europe, Russia and
Vietnam—came together during 3-14 December as a working group on “Nonstable Classical
Algebraic K-theory”. Organized by R. Hazrat (Australia/Iran) and R. Rao (India), “this was an
amazing gathering. Many of the participants knew each other by name, but never had a chance to
meet face to face. Apart from focused lectures, there were discussion sessions, taking place not
only in the lecture room.” Forty-four talks were given, and there will be a series of meetings to
follow up on this.
Associates
Our Associates (around 80 in total) are an integral part of our academic community. Among the
Associates who visited us in 2012 were Dr. Boumediene (Algeria), Dr. A. Nersesian (Armenia),
Dr. F. Massamba (Botswana), Dr. G. Bessa (Brazil), Dr. G. Kientega (Burkina-Faso), Dr. B.
Nkemzi (Cameroon), Dr. Mahmoudi (Chile/Tunisia), Dr. Z. Wu (China), Dr. W. Ugalde (Costa
Rica), Dr. J. Jimenez-Sobrino (Cuba), Dr. T. Kadeishvili (Georgia), Dr. M. Murugesan (India), Dr.
Muchtadi-Alamsyah (Indonesia), Dr. Tayfeh-Rezale (Iran), Dr. V. Karimipour (Iran), Dr. K.
Abdukhalikov (Kazakhstan), Dr. L. Brambila-Paz (Mexico), Dr. J. Molina Cisneros (Mexico), Dr.
M. Ali (Morocco), Dr. Driss (Morocco), Dr. Fadipe-Joseph (Nigeria), Dr. Ali (Nigeria), Dr. M.
Osilike (Nigeria), Dr. Radnovic (Serbia), Dr. Le (Vietnam), Dr. D.Y. Nguyen (Vietnam). Between
them they had papers published in 2011/2012 in the following journals (among others): Journal of
Algebra, Proceedings of the American Mathematical Society, Nuclear Physics B, Transactions of the
American Mathematical Society.

Training Activities
1. ICTP-ESF School and Workshop in Dynamical Systems (21 May - 8 June)
Organizers: S. Luzzatto (ICTP), M. Viana, J.-C. Yoccoz
2. ICTP-ESF School and Conference on Geometric Analysis (11 - 29 June)
Organizers: C. Arezzo (ICTP), F. Pacard, R. Schoen, Gang Tian
3. School and Workshop on Computational Algebra and Number Theory (18 - 29 June)
Organizers: H. Cohen, G. Tornaria, W. Stein, F. Rodriguez Villegas
Local Organizer: R. Ramakrishnan
4. ICTP-IPM Workshop and Conference in Combinatorics and Graph Theory (3 - 14
September)
Organizers: R.A. Brualdi and G.B. Khosrovshahi. Associate Director: S. Akbari
Local Organizer: S. Luzzatto
5. CIMPA-ICTP Research School on Local Analytic Geometry (4 - 13 February)
(External School in Lahore, Pakistan)
6. CIMPA-ICTP Research School on “Structures Géométriques et Théorie du Contrôle (7 - 18
May)
(External School in Dakar, Senegal)

Participation in International Programmes
C. Arezzo

Conferences organized:
ICTP-ESF School and Conference on Geometric Analysis, 11-29 June,
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ICTP.
Invited talks:
Workshop MACK5 (Roma, Italy, November 2012).
Institute Henry Poincare, Recent Developments in Kähler Geometry
(Paris, France, December 2012), could not deliver.
G. Bellettini

Courses given in advanced schools:
Regensburg (Germany), Winter School on Geometric Evolution
Equations and Related Topics: Mean Curvature Flow and Singular
Perturbations I, II, III.
Conferences:
Ecole Polytechique, Paris: Reconstruction of Three-dimensional Smooth
Shapes from Apparent and Visible Contours.
Talks:
Scuola Normale di Pisa (Italy): Nonconvex Anisotropic Mean Curvature
Flow and its Regularization with a System of Singularly Perturbed
Reaction-Diffusion Equations.
Banach Center, Warsaw, Poland: Nonconvex Mean Curvature Flow as a
Limit of the Nonlinear Bidomain Model.
Chiemsee, Germany: On a Notion of Solution to a Forward-backward
Parabolic Equation in One Space Dimension, and its Regularizations.

Chen Qingtao

Talks:
“Modular Invariance and Elliptic Genera”, Math seminar at ICTP, 25
October 2012.

L. Göttsche

Invited talks:
Bonn-Köln Number Theory and Physics seminar, Köln, Germany, 27
January 2012. Title: Refined Curve Counting on Algebraic Surfaces.
von Neumann conference, 29 May - 1 June 2012, Münster, Germany.
Title: Counting Curves on Algebraic Surfaces.
Conference Gael XX+, Institute Fourier, University of Grenoble, 25-28
June 2012. Title: Refined Curve Counting on Surfaces.
Conference: Tropical Geometry in Europe, MPI, Bonn, Germany, 13 July
2012. Title: Refined Curve Counting and Refined Severi Degrees.
ALGA meeting, IMPA, Rio de Janeiro 13-17 August 2012. Title: Refined
Curve Counting on Surfaces.
Indo-Spanish Conference on Geometry and Analysis, ICMAT, Madrid,
Spain, 10-14 September 2012. Title: Refined Curve Counting and Refined
Severi Degrees.
Workshop: Algebra, Geometry and Physics of BPS states, Hausdorff
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Research Institute for Mathematics, 12-14 November 2012. Title: Refined
Curve Counting on Surfaces.
Teaching:
Minicourse on Hilbert schemes of points (for PhD students and
researchers at MPI, Bonn).
Organized and gave two talks in: Seminar on Hilbert schemes of points on
(singular) algebraic curves (for PhD students and researchers at MPI,
Bonn).
Supervision of post-docs:
Yuan Yao, China (at MPI, Bonn).
External research grants awarded:
Hirzebruch Research chair at MPI Bonn, (a visiting position for the
academic year 2011/12), my entire salary is paid by MPI. I was absent
from ICTP, September 2011 - August 2012.
S. Luzzatto

Conferences organized:
ICTP-ESF School and Workshop on Dynamical Systems, 21 May - 8
June, ICTP.
Local Organizer of ICTP-IPM Workshop and Conference
Combinatorics and Graph Theory, 3-14 September, ICTP.

in

Invited talks:
Workshop on “Nonuniformly Hyperbolic and Neutral One-dimensional
Dynamics”, Institute for Mathematical Sciences, National University of
Singapore (April 2012).
M.J. Pacifico

Conferences:
From Dynamics to Complexity (Fields Institute, Toronto, Canada).
Ergodic Methods in Dynamics (Banach Center, Bedlewo, Poland).
School and Workshop on Dynamical Systems (ICTP, Trieste, Italy).
Dynamical Systems at Montevideo (Montevideo, Uruguay).
First Palis-Balzan Conference on Dynamical Systems (IMPA, Rio de
Janeiro, Brazil).
IMPA 60th Anniversary (IMPA, Rio de Janeiro, Brazil).
II Escola Brasileira de Sistemas Dinamicos (ICMC-São Carlos, São Paulo,
Brazil).
Talks:
A Toy Model for Flows with Singularities (Fields Institute, Toronto,
Canada).
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Exponential Mixing Rate for Co-cycles with Singularities (Banach Center,
Bedlewo, Poland).
Decay of Correlations for 2-d Lorenz Maps (ICTP, Trieste, Italy).
A Tour on Lorenz Flows (University of Bologna, Italy).
Exponential Decay of Correlations for Fiber Contracting Maps and
Consequences on Lorenz-like Flows (Montevideo, Uruguay).
A Toy Model for Lorenz-like Flows (IMPA, Rio de Janeiro, Brazil).
Lorenz Geometric Flows and Beyond (ICTP, Trieste, Italy).
Educational talks:
The Principle of Uncertainty and the Certainty of Uncertainty. (Instituto
de Matemática, UFRJ, Brazil)
Weather Prevision and the Principle of Uncertainty. (Instituto de
Matemática, UFRJ, Brazil)
R.T. Ramakrishnan

Conferences and other events organized:
Local Organizer of School and Workshop on Computational Algebra and
Number Theory, ICTP, 18-29 June.
Indo-Spanish Conference on Geometry and Analysis. ICMAT, 10-14
September 2012.
Invited talks:
School on Conformal Blocks ICMAT, 15-19 October 2012, Madrid.
International Conference on Algebraic Geometry in honour of Professor
M.S. Narasimhan, IISc Bangalore, India, 1-3 December 2012.

F. Rodriguez
Villegas

Talks given in the period August - December 2012:
Hypergeometric Motives, Journée Hypergéométrique (Collège de France,
Paris).
Hypergeometric Motives, Number Theory (University of Leiden, The
Netherlands).
Distribution of Betti numbers, Geometry seminar (EPFL Lausanne,
Switzerland).
Combinatorics and Geometry, Colloquium ICTP.
Geometry of Character Varieties, Math seminar, ICTP.

Services
Within ICTP
C. Arezzo
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Continued co-organizing, with Prof. A. Malchiodi, a joint “ICTP/SISSA
Geometric Analysis Seminar” and an Informal Geometric Analysis
Seminar which met, in 2012, about 15 times, focusing mainly on Kähler
Geometry and special submanifolds.
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Students supervised:
Diploma dissertation by Moustafa M. Zakaria (Egypt), On the Inverse
Function Theorem.
Riccardo LENA, SISSA PhD Student (3rd year).
Supervision of post-docs:
Dr. Shi Yalong (ICTP)
Dr. Sun Jun (ICTP)
Other visitors:
Della Vedova Alberto (US and Italy)
Mazzieri Lorenzo (SNS, Italy)
Zuddas Fabio (Italy)
Served as Member of the Faculty Board of ICTP.
Chairman of the Faculty Board of ICTP (since July 2012).
G. Bellettini

ICTP course on Partial Differential Equations and Functional Analysis.
ICTP Postgraduate Diploma theses:
Ngouanfo Fopa Edith Laure: Introduction to Mathematical Optimal
Control Yheory.
Abdoul Aziz Gueye Dabakh: Some Topics on Ordinary Differential
Equations in Mechanics and Geometry.
Mohammad Khosravi: Minimizing Movements for Differential Equations.
Issa Tahir Bachar: A Recent Variational Approach to Semilinear Wave
Equations.

Chen Qingtao	
  

2012 Fall: Abstract Algebra (one class of Postgraduate Diploma
Students), ICTP.

L. Göttsche

Coordinator of Postgraduate Diploma Programme in Mathematics.
Chairman on the Ramanujan Prize committee.

S. Luzzatto

Teaching:
Postgraduate Diploma Programme: MTH-ODE I (15 hrs) and MTHODE II (15 hrs)
Students supervised:
PhD students:
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Marks Ruziboev (ICTP-SISSA)
Khadim Mbacke War (ICTP-SISSA)
Sina Tureli (SISSA)
Postgraduate Diploma students:
Khadim Mbacke War
Other students:
Umberto Lardo (Laurea Magistralis, SISSA)
Supervision of post-docs:
Cui Hongfei, China
Other visitors:
J. Alves, University of Porto, Portugal.
Vilton Pinheiro, University of Bahia (UFBA), Brazil
Raul Ures, University of Montevideo, Uruguay
Jana Rodriguez-Hertz, University of Montevideo, Uruguay
Ali Golmakani, Federal University of Rio de Janeiro (UFRJ), Brazil.
Ghana: Lecturer at School of Modelling and Optimization organized by
Prof. F.K.A. Allotey. (April 2012).
Malaysia: Mission. Seminars and meetings at Islamic University of
Kuantan, Kuantan; Universiti Kebangsaan Malaysia, Kuala Lumpur.
Universiti Putra Malaysia, Kuala Lumpur. Met President of Malaysian
Mathematical Society and President of Malaysian Academy of Sciences.
Senegal: Mission. Visits to Dakar, Saint Louis, AIMS-Senegal.
OWSD: Grant applications evaluation panel (Mathematics).
External research grants awarded:
Part of the Brazilian-European Partnership in Dynamical Systems
(BREUDS) within the framework of the International Research Staff
Exchange Scheme (IRSES) within the FP7 People Programme.
R.T. Ramakrishnan

Supervised Master’s student Fikreab Solomon Admasu.
Oversight of the Associates Office at ICTP.
Organizer of the Mathematics Seminar at ICTP.
Chaired an SAC.
Library Committee.
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Outside ICTP
C. Arezzo

Visiting Professor, Institute Henry Poincaré, Paris, 15 September – 15
October 2012.
Member of the Editorial Board of Annals of Global Analysis and Geometry,
Springer.
Member of the Editorial Board of Rendiconti dell’Istituto di Matematica
dell’Università di Trieste.

Chen Qingtao

Referee of Transaction of American Mathematical Society.
Reviewer for Mathematical Reviews, American Mathematical Society.
Reviewer for Zentralblatt MATH, European Mathematical Society.
	
  

L. Göttsche

Editor of Geometry and Topology.
Editor of Rendiconti dell’Istituto di Matematica dell’Università di Trieste.
Member of the scientific advisory Board of the Max Planck Institute for
Mathematics, Bonn, Germany.
Member of the Programme Committee of ICMS, Edinburgh, UK.
Member of the Board, ICMS, Edinburgh, UK.

S. Luzzatto

External PhD Examiner, University of Uppsala, Sweden (February 2012).
External Referee for Permanent Lectureship, University of Uppsala,
Sweden (September 2012).
External Advisory Panel, for Centro de Matemáticas da Universidade da
Beira Interior, Portugal.
Board Member, International School of Trieste.
Editorial Board Member,
dell’Università di Trieste.

Rendiconti

dell’Istituto

di

Matematica

Editorial Board Member, Journal of Dynamical and Control Systems.
R.T. Ramakrishnan

Member, Editorial Board, Mathematical Proceedings of the Indian Academy of
Sciences.
Member, Editorial Board,
dell’Università di Trieste.

Rendiconti

dell’Istituto

di

Matematica

Member, Committee on Developing Countries of the European
Mathematical Society.
Member, Advisory Board, Pan-African Centre for Mathematics.
Adjunct Faculty, Tata Institute of Fundamental Research, Mumbai, India.

Seminars
Thirty-eight Mathematics seminars were organized during the year.
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Staff and Long Term Visitors
Professional Staff
R.T. Ramakrishnan, India, Head of section
C. Arezzo, Italy
L. Göttsche, Germany
S. Luzzatto, Italy
F. Rodriguez Villegas, Argentina/USA

Long-term Visiting Scientists
B. Gombodorj, Mongolia
S. Konijeti, India
J. Malkoun, Lebanon/Canada
A. Nayam, Chad

Consultant
G. Bellettini, Italy
Staff Associate
M.J. Pacifico, Brazil

Senior Postdoctoral Fellow
Chen Qingtao, China
Postdoctoral Fellows
S.J. Pandit, India
A. Rauf, Pakistan
Shi Yalong, P.R. China
Sun Jun, P.R. China

Additionally, there were 125 short-term visitors. The total number of research visitors during
2012, including ICTP Associates and Affiliates, was 135, of whom 102 were from developing
countries, and 24 were women. The number of Associates was 22.

Funding
Two ICTP Schools and Conferences were co-sponsored by the European Science Foundation.

42

ICTP Full Technical Report 2012

EARTH SYSTEM PHYSICS (ESP)

Introduction
The ESP section conducts research and organizes educational and outreach activities in both solid
and fluid Earth physics (atmosphere and ocean). Specifically, multiple research lines are conducted
in the section, each lead by scientific staff members and/or long term post-docs/visitors and each
interacting with the others. The current primary ESP research lines are: Anthropogenic Climate
Change (ACC), Natural Climate Variability and Predictability (NCVP), Climate Impacts (CI),
Aerosols, Atmospheric Chemistry and Climate (AACC), Oceanography (OCE) and Mechanics of
Earthquakes and Tectonophysics (MET).The ESP section currently includes 6 P-staff members,
one PA contract (P2 level) and additional 15-20 members on term contracts (post-doctoral
fellows and long term scientific visitors). The position held by X. Bi (P2), who left in 2011 was
reopened and filled by E. Coppola. A position on oceanography was opened in 2012 at the P3
level; however, after a search process did not find a suitable candidate for that level, it was
replaced by a PA contract at P2 level offered to R. Farneti, with the intention of re-opening the
position within the next couple of years. Differently from other ICTP sections, ESP relies heavily
on external funding (see below), which currently provides more than half of the general
expenditure budget of the section and covers most of the section’s long term visitors and postdocs. A G5 position filled by S. Henningsen provides administrative support to the section for
external grants.
The ESP research lines can be briefly described as follows:
• The ACC research line aims at improving the understanding of anthropogenic climate change.
Within this area, the section investigates the global and regional climate response to increased
atmospheric greenhouse gas concentrations and the effects of land use modifications. These
issues are addressed with a range of modeling tools, the central one being the regional climate
modeling system RegCM, which has been developed for over a decade and is maintained for
community use. The ESP section also coordinates the Regional Climate Research NETwork,
or RegCNET, a network of scientists mostly from developing countries involved in regional
climate research, which includes more than 900 participants.
• The NCVP research line focuses on fundamental research on natural climate variability and
predictability at temporal scales from intra-seasonal/seasonal to multi-year/multi-decadal.
Particular attention is devoted to tropical variability processes, such as the El-Niño Southern
Oscillation (ENSO), the Madden-Julian Oscillation (MJO) and the monsoon systems, and how
they interact with extratropical variability and flow regimes (e.g., the North Atlantic
Oscillation, or NAO). To study climate variability and predictability, the section utilizes a
range of modeling and observational tools and products (e.g., the SPEEDY intermediate
complexity model and ECHAM5 global climate model).
• The CI research line investigates the effects of climate variability and anthropogenic climate
change on human activities and natural ecosystems. In particular, currently the focus is on
human health, agricultural productivity, water resources and forest response. The issue of
climate impacts is addressed via the use of different impact models: the hydrological model
CHYM, the crop model GLAM, the malaria model VECTRI and the forest model FORESTSAGE. These impact models take as input climate information and can be used for wide
variety of applications and regional settings, from studies of disease outbursts to the
investigation of the agricultural effects of long term climate change and land use change. They
are also made available for use by the outside scientific community.
• The AACC research line investigates the interactions between atmospheric aerosols, air
quality and climate, including aerosols and pollutants of both anthropogenic and natural
sources. This is accomplished through the development and use of coupled
climate/aerosol/chemistry models, with particular emphasis on the regional scale. This
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research line also aims at a better understanding of the Earth’s bio-geochemical cycles and
how they are affected by and influence global and regional environmental changes.
• The OCE research line is devoted to understanding the dynamics of climate variability and
change on interannual, decadal and centennial time scales, with a special interest in the role
played by the ocean in shaping the Earth’s climate, in present and future climate conditions.
Research focuses on both natural climate variability and anthropogenic climate change, most
of which is done in close collaboration with NCVP activities. OCE is devoted to both global
and regional aspects of ocean and climate dynamics, as well as fundamental and state-of-theart numerical modeling. To carry out this research, a combination of theory and models is
used, from ocean-only models to coupled models of different complexity.
• The MET research line investigates the way earthquake faults develop in time and how the
Earth interior deforms, with emphasis on the physics of crust-upper mantle interactions. It
relies on geophysical methods blending space geodesy, seismology and tectonics, tied through
realistic physical numerical modeling. This contributes to the physical understanding of the
length and time scales of earthquakes and to a more realistic simulation of earthquake hazards.
In addition, a new research line devoted to the understanding of volcanic processes has been
recently initiated. It is envisioned that the MET research line will enhance collaboration with
the fluid Earth lines, for example in studying the mutual relationships between climate and
tectonics through changes in glacier mass and the effects of global change on natural hazards.

Research Activities
A. Anthropogenic Climate Change (ACC)
A.1 Regional climate modeling (Giorgi, Coppola, Solmon, Sylla, Elguindi, Diro, Mariotti,
Turuncoglu + associates, visitors)
During 2012, the ESP regional climate modeling system underwent further development in both
its physics and chemistry components and its code structure. A new multitasking structure was
implemented so that the code now scales well up to several hundred processors, which allows us
to run much larger domains and longer simulations. In the spring of 2012, a special issue of the
journal Climate Research was published which includes 14 articles detailing the development of the
model and a number of applications over different domains worldwide. A new version of the
model, RegCM4.3 was released during the sixth ICTP Workshop on the Theory and Use of
Regional Climate Models, held in May 2012, and was further upgraded in December 2012. The
base of model users, organized through the ICTP-coordinated Regional Climate Research
NETwork (RegCNET), has continued to grow and to use the model for a wide range of
applications, from process studies to regional climate change projections. The model was used
within the context of several European and other international projects (ACQWA, QWECI,
HEALTHY FUTURES, PAPRIKA, CASPIAN, SOCOCA, CLIMRUN, ATOPICA, NextDATA,
CORDEX).
The ground has also been laid for the development of the next generation RegCM modeling
system, which will be non-hydrostatic and with capability of going from global to regional scale.
The central components of this development is a new dynamical core based on a semiLagrangian, semi-implicit, discontinuous Galerkin scheme which has been tested for the Shallow
Water equation in spherical coordinates (Tumolo et al. 2012) and will be extended to a threedimensional framework. In addition, work has continued on the coupling of the model to ocean
(RAMS), biosphere (CLM4.5) and chemistry-aerosol components towards the development of a
regional Earth system modeling framework.
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A.2 Applications, in particular to the International CORDEX project (Giorgi, Coppola,
Solmon, Bi, Sylla, Diro, Mariotti, Elguindi + associates, visitors)
Substantial activities were carried out in 2012 using the RegCM4 model within the framework of
the newly initiated international project CORDEX (COordinated Regional climate Downscaling
Experiment) under the auspices of the World Climate Research Program (WCRP). CORDEX is
aimed at producing a new generation of scenarios using regional climate models and statistical
downscaling techniques. An unprecedented first ensemble of 33 climate scenarios (1970-2100)
was conducted with RegCM4 for 5 CORDEX domains (Africa, Mediterranean, South America,
Central America and South Asia) using different model configurations, greenhouse gas
concentration pathways (RCP8.5 and RCP4.5) and driving GCMs. These simulations, which
compose the Phase I RegCM CORDEX hyper-Matrix (CREMA) experiment, were conducted on
about 1000 dedicated CPUs provided by the computing company Arctur located in Gorjansko,
Slovenia, during the summer of 2012. Students and postdoctoral fellows from institutions in
Brasil, India, Ethiopia, Mexico and Hungary were involved in this project, and visited ICTP
during the completion and first analysis of these runs working under the supervision of ICTP
scientific staff. The results of the experiments are currently being analyzed and an early example
is shown in Figure 1. The outcome of this first analysis will be published in a Special Issue of the
international journal Climatic Change.

Fig. A1: Ensemble mean change (2070-2099 minus 1976-2005) in December-January-February (DJF, left panels)
and June-July-August (JJA, right panels) precipitation for the GCM and RegCM CREMA experiments.

The model was also applied for regional climate studies by various students in other domains,
such as Southern Africa (I. Diallo, Figure A2), the eastern Africa (T. Terefe) and in tropical band
mode to study teleconnections between Amazon Basin and Congo Basin precipitation (M.
Zaroug).
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Fig. A2: Averaged mean maximum wet spell
length from: (a) GPCP, (b) TRMM, (c) CAM4
and (d) RegCM4 for the period 1998-2009.

Fig. A3: Changes (2040-2059 minus
1980-1999) in seasonal Caspian Sea
Surface Temperature for the RCP8.5
greenhouse gas scenario calculated by the
RegCM coupled to a lake model and
driven by 4 different GCMs.

A.3 Climate scenarios for the Caspian Sea basin (Elguindi, Turuncoglu, Giorgi)
Work has continued on a project funded by Shell in which a high resolution version of RegCM4
coupled to an interactive 1D lake model is applied to the production of climate change scenarios
over the Caspian Sea region and resulting changes in Caspian Sea Level (CSL). In 2012, eight
scenario simulations (1970-2070) were conducted driven by four Global Climate Models (GCMs)
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for two GHG concentration pathways (RCP4.5 and RCP8.5). Warming was found for all runs,
while the precipitation response over the Caspian basin varied depending on the driving GCM,
thereby having different impacts on projected future changes in CSL. Lake temperatures and
evaporation also increased (see for example Fig. A3), while the ice cover over the shallow
northern shelf decreased markedly for the high end RCP8.5 scenarios. The results from these
regional climate simulations were provided to other partners in the project for calculations of
CSL changes based on hydrologic models and CSL statistical approaches. A decrease in CSL was
obtained for most simulations.

B. Natural Climate Variability and Predictability (NCVP)
B.1 Interannual to decadal variability of the tropical ocean-atmosphere system (Kucharski,
Farneti, Molteni, Kang+ collaborators)
The focus in 2012 was on the development of a coupled ocean-atmosphere model with the aim to
eventually develop an Earth System Model of intermediate complexity for use in developing
countries and elsewhere. For this purpose the most recent version of the ICTPAGCM (Kucharski
et al., in print, BAMS) has been coupled using OASIS3 to the NEMO/OPA ocean model. This
endeavor has been pursued in close collaboration with the OCE research line. The model is very
flexible and be can run freely or using a so-called ‘flux-correction’ in order to limit the drift in sea
surface temperatures and other fields. The development is ongoing, but first long test simulations
indicate that the model is reproducing key-features of climate mean and variability reasonably
well, such as the ENSO and other coupled ocean-atmosphere phenomena (see Fig. B1 and Fig.
B2). The first scientific question that will be addressed using this model is the so-called ‘Climate
Shifts’, major relatively sudden global climate variations that are likely due to internal climate
variability, although impacts of human induced climate change on such shifts cannot be excluded.
Famous examples of such shifts are the 1976/1977 or the end-of-20th century climate shift, which
had dramatic consequences for ENSO variability, the Pacific mean state and monsoons. There are
indications that the Atlantic Ocean may play a key role in some of such shifts. Therefore,
coordinated ‘pacemaker’ modeling experiments have been planned (discussed at Workshop on
“Variability in the Western Tropical Pacific: Mechanisms, Teleconnections and Impacts on SubSeasonal, Inter-Annual and Inter-Decadal Time Scales”, 12-16 November 2012, ICTP, Trieste,
Italy), in which the new ICTP coupled model will also participate. The model will be described in
one of the papers that will be the result of these coordinated experiments.
In collaboration with Associates and other visitors and collaborators, research on the tropical
Atlantic influences on the African and Indian monsoons has continued (Nnamchi et al., 2012,
Barimalala et al., submitted). In particular, Barimalala et al. investigated the influence of the
tropical Atlantic on the Indian Ocean ecosystem, and showed that the Atlantic influence on
Photyplancton variability in the Arabian Sea can be as important as the influences from the
Pacific Ocean.
Within the WAMME project, the teleconnections of Sahel decadal rainfall with several ocean
basins have been analyzed using the ICTPAGCM coupled to a dynamic vegetation model. The
results will be published in a multi-model, multi-institution paper.

B.2 Tropical-extratropical Teleconnections (Kucharski+collaborators)
Regarding the research on tropical-extratropical teleconnections, the influence of the central
Pacific ENSO on the northern hemispheric flow has been studied (King et al., submitted). It is
shown that the first EOF of the November 500 hPa height in the extratropics is forced to a
substantial extent by the central Pacific ENSO (El Nino Modoki), and that this forcing varies in
strength at decadal time scales. In another work the delayed impact of winter NAO-related sea
surface temperature anomalies on European spring climate was investigated (Herzeg Bulic and
Kucharski, submitted), finding that the North Atlantic mixed-layer memory of previous winter
NAO events may be able to increase the predictability of European spring precipitation and
temperatures.
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Fig. B1: Temperature (shading)
and zonal current (contours) in
zonal-vertical section at the
equator. a) Observations; b)
Model. Units are C for
temperature and cm/s for zonal
current.

Fig. B2: Standard deviation of a)
observed and b) simulated sea surface
temperatures. Units are K.
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C. Climate Impacts (Tompkins, Coppola, Sanai, Lowe, Mariotti, Diro, Giorgi + associates,
visitors)
C.1 Climate impacts on health
Climate-health driven research has continued in ESP supported by two grants from the European
Union in which ICTP plays a central role (QWECI and HEALTHY FUTURES). The projects
aim to disentangle the effects of climatic, socioeconomic, demographic and behavioural factors to
increase our understanding of how climate impacts the prevalence of the disease and to be able to
predict its occurrence months in advance, or its potential distribution under future climate
conditions. Current research in the area focuses on malaria.

C1.1 VECTRI model
ESP scientists have developed a dynamical modelling approach to represent malaria transmission.
The new dynamical modelling system known as VECTRI (VECtor-borne disease community
model of ICTP, TRIeste) accounts for the impact of population dynamics and interventions in a
framework that represents the evolution of the vector-parasite cycles in response to weather (see
Figure C1). This will be coupled to a statistical system that incorporates socio-economic factors
to produce the first dynamical-statistical hybrid modelling system for health impacts in
developing countries. A full description of VECTRI has been submitted and accepted for
publication in the Malaria Journal. In collaboration with colleagues from ECMWF, the VECTRI
model is currently being coupled to seamless bias corrected monthly to seasonal forecasts to
create a first prototype pan-African operational forecasting system for malaria. This system will
be validated with colleagues from the ministries of health in Malawi, Rwanda and Uganda.

Figure C1: Parasite ratio (percentage of hosts with
parasite presence in blood) for eastern Africa using the
VECTRI model driven by satellite rainfall observations
and reanalysis temperature data statistically downscaled
to account for the fine scale topography. The model agrees
well with established maps of prevalence derived from
surveys in the region.

VECTRI is also contributing to the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP), a cross-sectoral modelling assessment based on the newly developed climate and
socioeconomic scenarios. The malaria model intercomparison aims to summarize potential
changes in malaria risk at the end of the next century for the 5th IPCC climate assessment report.
VECTRI is the only contributing model that runs on a daily time-step, accounting for subseasonal climatic variations, and accounts for socio-economic factors such as population density.
While the other simpler models show climate increasing risk, VECTRI shows that future climate
change is potentially offset by the dilution effect of increasing population, highlighting the
importance of considering socio-economic effects into these dynamical models. VECTRI is
presently under further development regarding an improved surface hydrology and the inclusion
of immunity and population migration in the calculations. ESP also contributed to the ISI-MIP
project developing the historical and future (based on the SSP2 scenario) annual gridded
population estimations (at a 0.5 degrees resolution) used in the project.
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C1.2 Surface hydrology model for vector borne disease modelling
Temporary water bodies provide site for immature vector populations and thus play a role in the
transmission of key vector-borne diseases such as malaria and dengue. Focusing on the
transmission of malaria by Anopheles gambiae, which prefers small sun-lit pools, a new simple
model to represent the surface hydrology of such temporary ponds and puddles was developed
and incorporated into VECTRI. The model represents the collective geometry of all the
puddles/ponds within an order 10 by 10km “gridcell”, and represents the three key source and
sink processes of surface run-off, infiltration and evaporation.

C1.3 Malaria databases and empirical modelling
ESP has been involved in the collection of malaria datasets in eastern Africa, and the use of such
datasets to empirically estimate the potential influence of environmental, socio-economic and
political factors on disease occurrence. With the help of our partners in the Ministries of Health,
ESP is bringing together the most comprehensive malaria dataset yet assembled for Rwanda and
Uganda. This dataset comprises notifications of suspected cases for the whole of the two countries
over the periods 2001-2011, and 2002-2010, respectively.
Several administrative boundary changes have occurred in both countries over the period spanned
by the malaria data. To harmonize the Rwandan malaria dataset on a consistent spatiotemporal
basis, consistent zone systems were developed using Voronoi diagrams. In Uganda, consistent
zone systems were created by fixing the country geography at the year 2002 in which all districts
had available epidemiological information. Subsequent boundary changes were systematically
tracked so that malaria data collected for a later system was adjusted back to the selected fixed
boundaries.
ESP aims to use the Rwanda and Uganda malaria datasets to validate the VECTRI model. The
VECTRI output (originally in a O (10km) resolution) was aggregated at the same geographical
resolution of the malaria datasets and correlation coefficients were estimated between the
VECTRI output and the malaria observations in both Rwanda and Uganda.
The initial analysis showed moderate to little correlation between variations in the VECTRI
output and the corresponding variability in the observational data. This suggests that other
factors besides climate play an important role in determining malaria occurrence that may not be
represented in the model. Additionally, disease incidence data is notoriously unreliable, and thus
further research work is required to quantify the nature of this uncertainty in collaboration with
our partners in Africa who have access to a small number of “sentinel” sites with high quality data
registration. A range of statistical analyses for the identification and replacement of outliers is
being performed. We expect that the corrected malaria series will show a greater correlation with
the VECTRI output. Epidemiological, environmental, socioeconomic and demographic data will
be soon incorporated into a series of statistical models to empirically estimate the relative
influence of climate and other drivers on malaria incidence in both Rwanda and Uganda.

C.2 FOREST-SAGE: The dynamical deforestation model of ICTP
Deforestation has long been considered a critical issue for the future preservation of ecosystems.
Many studies highlight the strong impact that land-use change can have on both the local and
regional climate through albedo and surface flux changes as well as the indirect CO2 response,
using both regional and global models. Deforestation estimates are uncertain especially in remote
areas such as Congo basin and vary considerably despite measurable improvements in remote
sensing, but the consensus is that tropical forest systems are at risk.
ESP scientists have developed a new deforestation scenario generator known as the
deFORESTation ScenArio GEnerator (FOREST-SAGE) coupled to the Regional Climate Model
RegCM4 using as land-surface scheme the Community Land Model (CLM). FOREST-SAGE
produces distributed maps of deforestation rates taking into account several factors such as
proximity to roads, distance weighted population density, forest fragmentation and presence of
protected areas and logging concessions and reforestation. While FOREST-SAGE works
exclusively on the high resolution grids at 0.05 deg for resolving the local drivers, at each annual
time-step the PFT is aggregated to 0.5 degree resolution maps which are presently used in the
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interface to the ICTP RegCM. FOREST-SAGE is based on the framework of the widely used
Community Land Model (CLM), which is the land model for the Community Earth System
Model (CESM), the Community Atmosphere Model (CAM) and the 4th generation ICTP
regional climate model RegCM4.
We have developed a potential future deforestation scenarios for the Congo basin area, with the
resulting climate impact as modeled by RegCM coupled to CLM (Figure C2). FOREST-SAGE
was initialized with Advanced Very High Resolution Radiometer (AVHRR) Continuous Fields
Tree Cover Product (1 km spatial resolution) acquired in 1992-1993 and validated using the
MODerate Resolution Imaging Spectroradiometer (MODIS) Vegetation Continuous Field (VCF,
collection 5) data with 250 meters spatial resolution rescaled to the spatial resolution of the model
(50 km). The validation was performed in the period of availability of MODIS VCF from 2000 to
2010.

Fig. C2.a: On the left panel MODIS VCF
forest cover percentage in 2010. On the
right panel, the validation of FOREST
SAGE in 2010 using the MODISC VCF,
in grey the mask covering the cloudy data.

Fig. C2.b: FOREST SAGE output for
year 2010.

Fig. C2.c: FOREST SAGE output for year
2040.

Now that this model is fully evaluated, the next steps will be to integrate the model coupled to
the regional climate model to assess how the spatial variations in land use change may impact
potential future climates in Africa, Asia and Central/South America.
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C.3 Validation dataset archive
Different satellite datasets have been collected for the validation and initialization of the impacts
models. AMSRE land surface products (level 3, version 1.2) containing temperature, soil
moisture, integrated atmospheric water vapor, vegetation opacity and water fraction with
horizontal resolution of 25 km in EASE grid format have been collected and re-formatted for
validating the output of VECTRI model. This archive is now available in netcdf format with
global daily records from June 2002 to October 2011 distinguishing the ascending and
descending orbits.
A soil moisture archive has been created with multi-sensors data for validating the VECTRI
model output. All the data are now available in netcdf format with the same spatial (25 km in
EASE grid format) and temporal resolution (daily and monthly). AMSRE global soil moisture
data are available from June 2002 to October 2011, MIRAS-SMOS global soil moisture data are
available from 2010 to present, ERS-SCAT global soil moisture data are available from 1991 to
2001 and Metop-ASCAT global soil moisture data from 2007 to the present.
In situ data acquired during specific campaigns in Africa are also archived: COSMOS project data
in 2 different sites (Klee and Mpala) in Kenya from 2011 and AMMA project data in Niger
(Banizoumbou, Niamey) from 2005 to 2011. MODIS Vegetation Continuous Field (VCF)
products containing global percent tree cover with spatial resolution of 250 meters and temporal
resolution of 1 year (from 2000 to 2010) have been collected, re-formatted in netcdf and re-scaled
at 5 km and 50 km spatial resolution for validating FOREST-SAGE output. The Multi-Angle
Imaging SpectroRadiometer (MISR) Component Global Aerosol Products (CGAS) have been
collected in netcdf format with spatial resolution of 0.5 deg and temporal resolution of 1 month
covering the period 2000-2012.

C.4 Downscaled high resolution simulation data
For the climate impacts modelling efforts, ESP is providing a downscaled high resolution
simulation dataset for the Healthy Futures project that concerns future potential malaria
transmission in East Africa.
In addition to the ERA-interim forced high resolution simulation carried out during the previous
year, ESP has completed a high resolution simulation by using boundary forcing two CMIP5
global models. Apart from the CORDEX simulation- which is run at 50km covering the whole
Africa, ESP and SMHI are involved in producing a high resolution simulation for East Africa
region. With this in mind two commonly used GCMs, namely HadGEM and EC-Earth, were
chosen from the pool of CMIP5 dataset to be used as the boundary forcing for their respective
models (i.e., SMHI ‘s RCA and ICTP’s RegCM). The aim is to create an ensemble of multi-GCM
forced, multi-RCM high resolution simulation for the present and future climate projections for
the East African region.
ESP has already produced the present day climate forced by HadGEM2 and EC-EARTH models
at a resolution of 24km. Future climate runs forced with these GCMs and also with two
representative concentration pathways (i.e., RCP 8.5 and RCP 4.5) are also almost completed.
The present day simulations will constitute as control runs and will help us to examine the
magnitude of the changes projected in the future climate. Analysis of the present day high
resolution climate simulations suggests that the downscaled dataset captures important features
associated to the fine scale topography (Fig. C3), although a thorough comparison is a major
challenge because of unavailability of a high resolution validation dataset at RegCM resolution.
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Fig. C4: Mean OND temperature (°C) from CRU (left),
EC-Earth forced RegCM4 (middle) and EC-Earth
GCM.

Although these results are obtained from only one regional model scenario projection and
therefore do not have an estimate of the uncertainty of the climate change signal over that region,
they show how the precipitation change signal is non linearly connected to the runoff change
signal in both the sign and intensity of the signal. This highlights the need for the use of impact
models at a finer scale resolution to better quantify the local effect of climate change and to more
realistically develop adaptation and mitigation strategies.

C.5 Hydrological impacts
For the ACQWA project several hydrological scenario simulations have been completed for two
European basins, the Po and Rhone, and one extra European basin in Kirghizstan. The focus of
the project is the impact of climate change on the alpine regions of the world. The European Alps
and the mountains of the Kirghizstan have been selected as case studies.
The CHyM hydrological model was first calibrated with observed precipitation data and later
RCM output was used for A1B scenario simulation in the basins. For the Po and Rhone basins
two RCMs were used, RegCM3 and REMO, at two different resolutions. For the simulation in
Kirghizstan only the RegCM3 model was available. We found that the change in discharge is
quite dependent on the regional model used as driver and also on the resolution of the driving
input. There is an agreement between all the simulations in showing an increase in discharge
during DJF and a decrease during JJA but the spatial patterns and intensity of the changes are
different.
A twin hydrological simulation was completed for the Chu and Talas rivers, which represent
crucial sources of water for Kazakhstan and Kirghizstan. The rivers are utilized for agriculture,
fish farming, hydroelectric power, and domestic needs. Typically, the sharing of water resources,
in particular between upstream and downstream countries, can be characterized by tension and
conflict. Also for these two rivers the simulation showed an increase of runoff in DJF period and a
decrease in JJA.
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C6. Boundary Layer Processes
The correct characterization of very stable boundary layer is of considerable practical importance.
The absence of significant mixing allows buildup of high concentrations of contaminants which
can be diagnosed directly by the boundary layer height, h.
The BASE:ALFA dataset http://www.smr.arpa.emr.it/basealfa/ is used to investigate the
boundary layer structure in stable conditions. Functions from the Monin-Obukhov similarity
theory (MOST) are used as regression curves to fit observed velocity and temperature profiles in
the lower half of the stable boundary layer. Surface fluxes of heat and momentum are best-fitting
parameters and are compared with what measured by a sonic anemometer.
The comparison shows remarkable discrepancies, more evident in cases for which the bulk
Richardson number turns out to be quite large. One of the practical consequences is that
boundary layer height diagnostic formulations which mainly rely on surface fluxes are in
disagreement to what obtained by inspecting co-located radio sounding profiles. Another example
which stems from the MOST limitations is related to the 2m temperature predictions from
atmospheric numerical models, which is calculated from the ground temperature and the
temperature of the first atmospheric level given the stability profiles.

D. Aerosol, Atmospheric Chemistry and Climate (Solmon, Pozzer, Chiacchio, Giorgi,
Shalaby + associates, visitors)
The main goal of this activity is to improve the understanding and modeling of the evolution of
chemical compounds and their environmental feedbacks under the influence of climatic change
and anthropogenic activities (mainly through emissions and land use modification). To reach this
goal a range of models are used and/or developed from the global to the local scale. For 2012 the
main achievements were the following:

D1. Development of a coupled regional chemistry-climate model
The development of a coupled climate chemistry model (RegCM-CHEM) based on the ICTP
RegCM4 has continued. The atmospheric chemistry module is now fully compatible with the 2D
parallel structure of RegCM and this upgrade has resulted in a significant gain of scalability
crucial to run climate chemistry simulations by nature very expensive. Other developments have
consisted in:
• Interfacing IPCC chemical emission inventories with RegCM for the study of past, present
and future interaction of climate and atmospheric chemistry. An interface for the AMMA
African biomass burning emissions daily product (based on satellite) has also been developed.
• Updating the dust emission module for a better representation of arid soil properties and dust
fluxes. This has notably allowed to improve north African and Arabian sources.
• Developing diagnostic for chemical tracers allowing to perform detailed mass budgets, and
study the contribution of different processes driving the evolution of gas phase species and
aerosols.
• Inserting a pollen emission and transport model within RegCM to study interactions between
climate, land use change and pollen allergenicity in the context of the ATOPICA program.
• Insertion of a thermodynamical equilibrium model for gas-aerosol partition and a better
representation of Sulfate-Nitrate-Ammonium systems (still going on).
• Evaluation of the new radiation option RRTM that had been coupled to RegCM in fall 2011.
Interface between atmospheric chemistry module and aerosol and GHG profiles used in
RRTM radiative transfer calculation.
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D2. Application to different international projects
We contributed to different international programs dealing with aerosol climate interactions and
aerosol impacts:
The PAPRIKA program (Italian/French project) studies the potential effects of aerosol particle
on the Himalayan glaciers and Indian climate. We performed here regional climate simulations
including aerosol for a large domain centered on the Himalayas for present day and future
conditions. Dynamical boundary forcing and anthropogenic emissions are taken from the IPCC
RCP45 scenario, natural aerosol are calculated on line and depends on the climate forcing. As an
illustration, Figures 1a and 1b compare observation of aerosol optical depth by the MODIS
sensor to results of simulation for present days ( JJA 2000-2010) showing the ability of the model
to reproduce notably the main dust sources and transport pattern affecting northern India and
the Himalayas (Arabian peninsula, Pakistan region). Pollution of aerosol in northern India and
Bengal gulf are also quite well captured by the model, but pollution in China tends to be
overestimated. Figure 2 shows actually simulation of dust deposition (via sedimentation and
precipitation removal processes in the domain) for present day, as well as the corresponding
simulated change in deposition calculated for future conditions relative to present day. Our
simulations a tendency of increasing dust deposition over the Himalayas for future conditions
mainly as a results of increased emission activity in subequatorial dust soures. When deposited on
the snow, absorbing aerosol like dust intensify melting by decreasing its albedo and our
simulation suggest that this feedback could get more intense in the future.
a

b

c

d

Fig. D1: a) MODIS satellite observation of aerosol optical depth (JJA average 2000-2009), white aerea corresponds
to no data. b) Simulated aerosol optical depth by RegCM (JJA 2000-2009). c) Logarithm of total dust deposition
flux for present day in (mg/m2/day, log scale). d) Simulated change in dust deposition flux for future calculated as
(2041-2050 minus 2000-2009 JJA averages, mg/m2/day).

The ATOPICA program. This EU program aims at studying the links between climate, land use
and ecological changes on Ambrosia pollen emissions and concentrations as well as the related
health impacts. Beside providing high resolution climate change scenario simulations to be used
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by the ATOPICA partners, our group is also involved in pollen modeling by adding
paramaterization of pollen emission, transport and deposition processes in RegCM4. Figure 2
shows for example a simulation of peak pollen concentrations for Ambrosia for the year 2007. We
can identify two typical area of Ambrosia pollen emissions and high concentration, in central
Europe (specifically Hungary and Croatia) and the Rhone valley in France. This work is
preliminary and simulations are presently being validated using pollen measurements in different
European stations. This study is done in close collaboration with CNRS / LSCE. Such outputs
are relevant for epidemiologic study of population exposition and sensitization to Ambrosia
pollens, as well as its possible evolution in the future.

Fig. D2: RegCM4 simulated pollen (Ambrosia) peak concentrations in microg/m3 for year 2007.

The CHarMex program is a French funded program (with also a participation from Italian,
Spanish and Greek institutes) dealing with aerosol and atmospheric chemistry in the
Mediterranean basin. The RegCM4 aerosol model has been used here to build a optimized aerosol
climatological data base (Nabat et al., 2012) used now in aerosol-climate-ocean coupled
experiment. RegCM4 is also involved in a model intercomparison simulating a dust storm event
that occurred in 2012 and was intensively observed in the experimental phase of CHarMex.

E. Oceanography (Farneti, Kucharski + associates, visitors)
E.1 Ocean and coupled model development (Farneti, Kucharski)
OCE develops and maintains an ICTP version of the ocean climate model MOM. The main goals
are to explore mechanistic understandings of the ocean climate system and perform hindcast
simulations of the last century. On the regional scale, in collaboration with scientists from India
and USA, a fine-resolution regional modelling initiative for the Indian Ocean is being
coordinated, including education, basic research and ocean state forecasting. Related to this, a
School in ‘Fundamentals of Ocean Climate Modelling at Global and Regional Scales’ is being
organized in August, 2013 in Hyderabad, India.
Ocean-atmosphere coupled models are also used and developed by OCE and NCVP groups. An
intermediate-complexity coupled model is used for studies in climate dynamics, model
development, theoretical and curiosity-driven research (e.g. Farneti and Vallis, to appear in J.
Climate; Fûckar et al., to appear in J. Climate).
In collaboration with scientists from the NCVP group and external scientists, a new coupled
model is being developed. The model comprises the ICTP atmospheric model developed and
maintained by the NCVP group and the NEMO ocean model. The coupled model will serve as a
fast but comprehensive tool for studies of present, future and past climates. Also, the coupled
model is expected to develop into an Earth System Model, including biogeochemistry and a land
model.
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Fig. E1: The annual-average Sea Surface Temperature (SST) field for year 2007 as simulated by the ICTP ocean
model.

Fig. E2: Time-mean Atlantic Meridional Overturning Circulation (AMOC) as a function of depth and latitude for
all CORE participating groups. The positive and negative contours indicate clockwise and counter-clockwise
circulations, respectively.

E.2 Ocean modelling intercomparisons (Farneti)
The Coordinated Ocean-Ice Reference Experiment (CORE) version II is an experimental protocol
for ocean-ice coupled simulations forced with interannually varying atmospheric data sets for the
period 1948-2007. This effort, involving several centers around the world, is coordinated by the
CLIVAR Working Group on Ocean Model Development (WGOMD). The hindcast simulations
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provide a framework for both model evaluation and studying variability and change at seasonal to
decadal time scales. Several regional studies are planned and currently underway.
The ocean model developed and maintained at ICTP participates in the CORE activities,
including studies on the mean state, variability and change of the North Atlantic, the Southern
Ocean and global sea level rise. These studies will provide a valuable comparison with available
observations, mechanistic understandings of recent oceanic trends and stimulate further model
improvements among the community. The ICTP group is leading the Southern Ocean analysis
study.

E.3 Role of the Ocean in interannual to multi-decadal variability and predictability (Farneti,
Kucharski)
OCE has continued to work on several aspects of variability and predictability of the coupled
ocean-atmosphere system at interannual, decadal and longer time scales.
A novel line of research focused on the Pacific sector and the possible tropical-extratropical
interactions involving both ocean and atmosphere. The study, that links to the NCVP section,
used idealized simulations involving both the ICTP atmospheric model and the ICTP ocean
general circulation model, and interactions between the tropical and subtropical northern Pacific
at decadal time scales are examined. In Farneti et al., (Submitted to J. Climate) it was found that
equatorial SST anomalies are responsible for driving a weakening of the Hadley cell and
atmospheric meridional heat transport. The atmosphere is then shown to produce a significant
response in the subtropics, with wind stress curl anomalies in phase with the climatological mean
but of opposite sign, consistent with a weakening of the oceanic subtropical gyre (STG). The
ICTP ocean model was then forced with the atmospheric decadal anomalies. In the northern
Pacific, the shallow subtropical cell (STC) was shown to spin down and the meridional heat
transport was reduced, resulting in positive equatorial SST anomalies.
The coupled mechanism was further explored with the help of an idealized theoretical model.
Farneti et al. argue that equatorial SST decadal variability stems from the forcing of the Pacific
subtropical gyre through the atmospheric response to ENSO. The conclusions of the study are
that extratropical atmospheric responses to tropical forcing have feedbacks on the ocean
dynamics that lead to a time-delayed response of the tropical oceans, giving rise to a possible
mechanism for multidecadal ocean-atmosphere coupled variability.

E.4 Southern Ocean climate and global implications (Farneti)
The understanding and modelling of the Southern Ocean circulation and climate, how this might
change under possible climate change and its global implications is one of the main research
interests of the OCE group. OCE participated in theoretical studies (Meredith et al., 2012; Kwon
et al., to appear in J. Phys. Oceanogr.) and is leading the CORE modelling initiative on Southern
Ocean dynamics and its recent evolution (see Research Activity E.2). We highlight the study of
Kwon et al., which presented a novel approach to understand the mechanisms and rate of water
masses formation in the Southern Ocean. Those water masses carry information of air-sea
exchange and atmospheric properties and are thus of primary importance for tracking global
climatic changes.
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Fig. E3: Surface salinity and velocity field, averaged for
the period 1988-2007 for (left) the coupled model, (center)
the ocean-only 1-degree resolution model and (right) the
ocean-only 2-degree resolution model.

E5. Energy transport in the climate system (Farneti)
With a combination of theory and numerical simulations, the study of Farneti and Vallis (to
appear in J. Climate) aimed at better understanding the processes that determine the partitioning
of meridional energy transport between the atmosphere and ocean, and the possible compensation
between the two. The issue is important at both a fundamental and a practical level, for variations
in such transport may lead to variations in climate on decadal and longer timescales, and possible
predictability of the climate system. The authors find that, on decadal time scales, a high degree
of compensation between the energy transport in the atmosphere and ocean is found for the
Northern Hemisphere in the Atlantic sector, a feature sometimes referred to as 'Bjerknes’
compensation’.
This research is now being extended by analyzing the World Climate Research Programme
(WCRP) fifth phase of the Coupled Model Intercomparison Project (CMIP5), a large dataset of
state-of-the-art climate ocean-atmosphere models. The new research will focus on the
mechanisms leading to meridional energy transport variability and compensation across models
and climate scenarios. The intercomparison will assess whether this mechanism is robust across
models and how Bjerknes compensation is affected in a warming climate.

E6. Tropical-Extratropical interactions (Farneti, Kucharski)
Fûckar et al. (to appear in J. Climate) studied the dynamics responsible for setting the position of
the intertropical convergence zone (ITCZ), a key component of the global circulation system.
Using a coupled general circulation model of intermediate complexity (see Research Activity E.1)
in single-basin sector configurations, the idealized study of Fûckar et al. provides an alternative
explanation for the position of the climatological ITCZ and highlights the role of ocean dynamics
in shaping our climate. Using the same ICTP coupled model, the study is now extended to a more
realistic geometrical configuration, aiming at explaining the position of the ITCZ in the different
ocean basins.

E7. South Atlantic variability (Farneti, Sitz)
During the second part of 2012, with the visit of Argentinean scientist Lina Sitz, OCE developed
a new research activity focused on the analysis of the variability of the South Atlantic Circulation
and its impact on the Meridional Overturning Circulation. This activity was designed to
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collaborate in the objectives of a more comprehensive project: ‘South Atlantic Circulation and
Salinity:
An
Integrated
Observational
and
Modeling
Investigation’
(http://www.conae.gov.ar/AQ_SAC-D_5thScienceMeet/7_A_Piola.pdf), in which scientists from
different institutions of Argentina and the United States are collaborating. The South Atlantic
connects the North Atlantic with the Pacific and Indian Oceans. Observations and models
indicate that the South Atlantic is not just a passive conduit but that its circulation influences
significantly the water mass structure of the Atlantic Meridional Overturning Circulation
(AMOC). In order to identify which are the main factors that link changes in the South Atlantic
with changes in the strength of the MOC and to abrupt climate changes, we analyzed the
evolution of relevant indicators such as heat and salinity fluxes, mass transport and velocity fields
for the past sixty years, in three numerical configurations of the Geophysical Fluid Dynamics
Laboratory (GFDL) Modular Ocean Model (MOM). We will continue this line of research in
2013 and plan on further strengthening our collaboration with Argentinean scientists from the
Universidad Nacional del Sur by co-organizing a workshop in Argentina.

F. Mechanics of Earthquakes and Tectonophysics (MET)
F.1 Earth Structure Studies in Africa and Asia (Guidarelli, Zandomeneghi, Kumar,
Rindraharisaona, Aoudia)
EAST AFRICAN RIFT:
The Afar depression is an ideal locale to study the role of extension and magmatism as rifting
processes to seafloor spreading. The Afar region marks the intersection of the southern Red Sea
rift, the Gulf of Aden Rift and the Main Ethiopian Rift, forming an archetypal rift-rift-rift triple
junction. The Afar sector id the most mature part of the East-Africa Rift system, which divides
the Nubia, Somalian and Arabian plates. Recent active rifting and dyke injection has focused
scientific attention on this area. An understanding of the crustal structure in the region provides
insights into the thermal structure needed to understand passive margin development and the
processes involved with the transition from continental rifting to the formation of new oceanic
crust. Here, we used first (1) a classical tomographic methodology to obtain tomographic maps at
regional scale and then shear wave velocity models for the crust and upper mantle in the Afar
depression. Then, we used (2) the methodology of ambient noise tomography to obtain
information of the shallow structure on a more local scale around the main and recently active
volcanic segments.
For the first part of the study, we used earthquakes recorded on a regional scale and the surface
wave tomography code by Rawlinson and Sambridge, (2003) to obtain 2D tomographic map s of
the study area. Then, we applied a linearized least-squares inversion scheme to invert for a 3D
model of shear wave velocities within the Afar depression. The resulting models reveal the
thinning of the crust in the north of the Afar depression and possibly the presence of partial melt
in most of the Afar crust, especially in correspondence with the present magmatic activity.
In the second part of the study we used the methodology of ambient noise tomography. Surface
wave tomography using ambient noise is a rapidly expanding imaging technique. The reason for
its importance is that it provides significant advantages compared to conventional earthquake
tomography. Tomography using ambient noise produces surface wave dispersion maps with
unprecedented horizontal resolution; it can be applied to regions with sparse, inhomogeneously
distributed, or even non-existent seismicity, and produces reliable measurements at periods below
10 seconds. Therefore, this methodology appears to be suitable to image the crust beneath the
active volcanic segments in Afar given the presence of a local network of broadband instruments
and a clustered and non-homogeneously distributed seismicity. The resulting tomographic
images show the presence of low velocity anomalies directly beneath the main volcanic segments
in Afar. These group velocity maps represent the starting point for future interpretations of the
structure and evolution of the rifting process in East Africa and especially in Afar.
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MADAGASCAR:
The present tectonics of Madagascar is a very debated issue also in the framework of its
connection to the East African Rift. Some authors (Besarie, 1964; Hottin, 1974; Bertil and
Regnoult, 1998) suggested that the crust in Madagascar is now in E-W extension, which is
consistent with our results. However, Arthaud et al. (1989) argued that the crust in Madagascar
has been affected by an N-S extension since the Pliocene. None of our results verifies the N-S
extension. Stamps et al. (2008) suggest that the whole region is occupied by diffuse plate
boundaries including one that runs along the west coast and the central part of Madagascar.
Recently, Kusky et al. (2007, 2010) assumed that the diffuse zone in eastern African is extending
in Madagascar, passing through Nosy-be and the Rift in Alaotra-Ankay and up to Taolagnaro.
Our obtained focal mechanism solutions and the seismicity distribution are in agreement with the
reported pre-existing faults in the literatures (Besarie, 1964, 1973; Nicollet, 1984, Laville, 1998;
Kusky et al., 2009). All computed focal mechanisms solutions confirm an E-W extension localized
along the main Neogene basins. There is only one mechanism that does not support the E-W
extension. Analyzed by different researchers (Shudofsky, 1985; Grimson and Chen, 1988) the
April 4th, 1975 event shows a strike-slip faulting with thrust component. Due to the lack of
stations and data, we could not invert any focal mechanisms in southern part of Madagascar to
verify if either a thrust faults there or not. It is difficult to explain the occurrence of this one
thrust event, but it may be due to the ridge push stresses (Davie-Ridge).
Our Earth structure model shows lithospheric thicknesses between 65 km and 90 km beneath the
4 stations. These values are in agreement with the results of Rakotondraompiana et al. (1999)
using gravimetry data in which the lithosphere-asthenosphere interface is reported between 62
km and 77 km. Our retrieved Earth structure models confirm a thin lithosphere beneath
Madagascar. The High Plateaux coincide with the thinnest lithosphere and the slowest
asthenosphere among the 4 analyzed stations (Figure F1). Our results are in good agreement
with the gravity anomalies reported by Fourno and Roussel (1994) and likely confirm a localized
asthenospheric upwelling beneath the Plateau. The surface expression of the asthenospheric
upwelling consists in a horst-grabben structure as sketched in Figure F3.
High Plateaux

PanïAfrican
Suture

Morondava
Basin
Alaotra Ankay
Basins

Famoizankova
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Lithosphere
60 Km

Asthenospheric
upwelling

Fig. F1: Lithospheric model beneath Madagascar and surface expression of the active tectonics.

Usually, lower continental crust is assumed to be aseismic in non-volcanic areas. However, in
Madagascar the lower crust is arguably more active than the upper crust. This indicates that
most probably the lower crust retains enough strength to produce earthquakes (Jackson, 2002).
In this case someone would expect large earthquakes to affect Madagascar, while the historical
and instrumental seismicity report a moderate size seismicity up to now. Furthermore, an
increased seismogenic thickness in some areas of Africa had been known to relate to a thick
lithosphere (Foster & Jackson, 1998; Craig et al., 2011). But the lithosphere beneath Madagascar
appears to be thin when compared to the nearby East African rift as reported by Fishwick (2010).
We conclude that present day moderate seismicity is localized along pre-existing structures in a
rather less strong lower crust actually weakened by the asthenospheric upwelling.
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WESTERN AFRICA:
As the Cameroon Volcanic Complex is characterized by moderate seismicity, mainly restricted to
Mt. Cameroon, the study of crust and uppermost mantle with traditional seismic tomography
methods can be very limited. We use the ambient noise surface wave tomography to overcome
the limitations of traditional methods and fully exploit the Cameroon network data. By crosscorrelating six months of continuous seismic noise records from 32 broadband stations
distributed across Cameroon, we have been able to measure Rayleigh wave group velocity in the
period range 5-35 s, sensitive to approximately the upper 40 km of the crust, for about 300
station-to-station paths. We first apply a dispersion analysis using the frequency-time analysis to
obtain the group velocity of the fundamental mode of Rayleigh waves for periods ranging from 5
to 35 sec. We then invert path-averaged dispersion curves to obtain 2D maps, on a 0.5ºx0.5º
nodal grid, of group velocity for discrete periods using a method that is the generalization to two
dimensions of the Backus and Gilbert method. We obtain tomographic group velocity maps of the
Cameroon crust that image the main tectonic features of the Cameroon crust, with an
unprecedented detail on the major West Africa tectonic feature, known as Cameroon Volcanic
Line. Through Cameroon, the anomaly maps clearly show both higher- and slower-than-average
velocities, marking a variety of geological/tectonic features. In the period range 10-20 s, which
corresponds to crustal depths, the most evident features are: the high velocity region, wide and
composite, in southern Cameroon in clear spatial correspondence with the Congo Craton; the low
velocity in the central-eastern part of the country corresponding to the Adamawa Plateau; a
strong low velocity anomaly beneath Mt. Cameroon that persists up to 25 s period; and low
group velocities along the border with Nigeria. Based on our new results and integrated with
precedent studies we discuss the origin of the Cameroon volcanic line and the regional
geodynamics.
HIMALAYA AND TIBET:
We investigate the 3-D variation of crustal seismic velocities in the western Himalaya and Tibet
using Rayleigh wave group velocities tomography. The results reveal significant variations in the
crustal velocity structure. In the first step a 2D tomography methodology is used to examine the
lateral variation of group velocities for the periods between 6 and 60 sec. We use very dense path
coverage with dispersion curves obtained for over 200 regional earthquakes recorded in 35
broadband seismic stations. The average dispersion curves are inverted to obtain the shear wave
velocity structure for the first 85 km. In the upper part of the crust, low velocities are evident in
the south-western and north-eastern parts of the study region in correspondence with the
Northern Indo-Gangetic plain and the Tarim basin. Higher velocities are reported in the collision
zone. South of the Karakoram fault the upper crust is coupled with a very high velocity
underthrusting Indian plate. North of the Karakorum fault we report a thick mid-crustal low
velocity layer reaching depths of 45 km with a lateral extent to the North up to the southern limit
of the Tarim basin. This low velocity layer is put in sandwich between a strong Indian
lithosphere and a less strong Tarim block and extends to depths larger than 80 km. The in-depth
extent of the low velocity zone beneath Tibet is interpreted as the broken part of subducting
Indian plate. These results will shed new lights on the long-lasting debates regarding processes
governing continental deformation of mountain ranges and the formation of the Tibetan plateau.

Fig. F2: Shear wave velocity cross-section
(Km/s) along the SW-NE direction across
Himalaya and Tibet.
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F.2 Crustal deformation using InSAR (Hamling and Aoudia)
InSAR evidences of dextral shear associated with the Adria-Eurasia plate collision at the junction between
the South-Eastern Alps and External Dinarides.
In order to constrain the deformation and possible earthquake potential in the region, we use
Synthetic Aperture Radar (SAR) data collected by the European Space Agency’s ERS and Envisat
satellites to measure the interseismic strain accumulation across the Idrija and surrounding faults.
Interferometric Synthetic Aperture Radar (InSAR) has proven to be able to measure slow,
interseismic strain accumulation, and has demonstrated that slip rates can be estimated if multiple
interferograms are used to mitigate atmospheric and orbital errors.
A number of authors have suggested that deformation around fault zones is distributed across
wide shear zones, but localized in the upper crust on discrete fault planes (e.g. Prescott and Nur,
1981; Bourne et al., 1998). Observations from the Marlborough Fault Zone, New Zealand,
suggest that slip on faults in the upper crust are controlled by the velocity field in the lower
lithosphere (Bourne et al., 1998). Assuming our estimate of the locking depth, we cannot rule out
the presence of a narrow (20-25 km) shear zone centered between Rasa and Idrija (Figure F3)
which produces a similar deformation field to the deep fault model (Savage, 1990).

Fig. F3: Schematic models explaining the observed deformation pattern. a) Line-of-sight displacement. b) Northward
dipping Rasa fault below a 10 km locked layer. c) Narrow shear zone (20-25 km) located between the Rasa and Idrija
faults.
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Previous slip rate estimates for the Idrija fault and Rasa faults, based on geologic and
geomorphological data, suggest rates of 0.1-2 mm/yr and 0.1-0.5 mm/yr respectively Burrato et
al. (2008). This is significantly lower than our estimate for a shear zone/deep fault centred
between the two. Given the location of the of the region, which lies within the inferred boundary
zone between the Adriatic microplate and Eurasia (Weber et al., 2010), the presence of a narrow
shear zone is feasible. In this case, the difference between the geodetic and geologic slip rates
could be due to strain being distributed to the Rasa and Idrija faults.
Geophysical constraints on the dynamics of spreading centres from rifting episodes on land
Most of the Earth’s crust is created along 60,000 km of mid-ocean ridge system. Here, tectonic
plates spread apart and, in doing so, gradually build up stress. This stress is released during
rifting episodes, when bursts of magmatic activity lead to the injection of vertical sheets of
magma — termed dykes — into the crust. Only 2% of the global mid-ocean ridge system is above
sea level, so making direct observations of the rifting process is difficult. However, geodetic and
seismic observations exist from spreading centres in Afar (East Africa) and Iceland that are
exposed at the land surface. Rifting episodes are rare, but the few that have been well observed at
these sites have operated with remarkably similar mechanisms. Specifically, magma is supplied to
the crust in an intermittent manner, and is stored at multiple positions and depths. It then
laterally intrudes in dykes within the brittle upper crust. Depending on the availability of magma,
multiple magma centres can interact during one rifting episode. If we are to forecast large
eruptions at spreading centres, rifting-cycle models will need to fully incorporate realistic crust
and mantle properties, as well as the dynamic transport of magma.

F.3 Imaging and Monitoring Volcanic complexes (Zandomeneghi: Marie Curie Talent
Fellow)
Imaging of Erebus volcano (Antarctica) by high-resolution active-source seismic tomography and coda
interferometry.
The active-source seismic experiment carried-out on Erebus, permits us to image with high detail
the heterogeneous juxtaposition of low and high P-wave velocity anomalies across the volcano
and hence its structural makeup.
In particular, together with shallow deposits of various composition and/or density, the seismic
images evidence an unexpected complexity for the shallow magmatic system of the volcano. The
conduit system, marked by very low P-wave velocities, shows a combination of multiple melt
volumes, highly inclined, with constrictions and changing dimensions.
By combining these novel images with the results of coda interferometry techniques, the
structural organization of the magmatic system is determined in great detail.
Seismic interferometry is a recently developed theory that allows for the recovery of a medium’ s
impulse response between two points and for its imaging if randomly distributed sources of white
noise, or equivalently, a multiply scattered equipartioned wavefield, are present throughout the
medium. The colleagues from New Mexico Tech exploited the extremely scattering nature of
volcanic media and the seismic illumination from impulsive Strombolian explosions to produce a
scattering map for Erebus that we then compared with the tomographic results obtained with
data collected at the same time.
Long-period seismic events at Ubinas Volcano (Peru): their implications and potentiality as monitoring
tool.
Ubinas volcano (Southern Peru) is an active andesitic stratovolcano, located 75 km East of
Arequipa city. Its most recent eruption, accompanied by explosions and by the extrusion of a lava
dome, started on March 2006 with an increase of seismicity and observed fumaroles occurrence,
followed in April by more intense explosions, recorded until May 2009, together with frequent
long-period (LP) seismic signals.
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Fig. F4: Scattering intensity depth slices for Erebus volcano and (left) active-source tomography P-wave velocity
anomalies at specific elevations. Anomalies labeled A,B, and C correspond to especially strong scattering regions,
associated with low seismic velocities (Chaput et al., 2012; Zandomeneghi et al., 2012).

To monitor the volcanic activity, the Geophysical Institute of Peru and the Institut de Recherche
pour le Développement (France) built up a seismic network around the volcano, installing 4
permanent stations and deploying 8 supplementary temporary broadband seismometers. In
addition, in the period May to July 2009, a seismic experiment was carried out on the volcano
flanks with 2 cross-shaped dense antennas with broadband seismometers.
As the seismic activity was characterized by frequent LPs, we identified the occurrence of families
of similar events through waveform cross-correlation technique. One family of LPs is especially
dominant and recurrent throughout the 3-years long eruption. By focussing on its pattern of
occurrence through waveform interferometry technique applied to the 3-years long catalogue of
seismic events, we found the relationship between the family occurrence and the major eruptive
phases. We also studied the family distribution and changes in spectral content in comparison
with other observations (as volcanic tremor energy and duration, explosion energies). Once
established the family relevance for the tracking of the eruptive episodes, we utilized both local
network and dense-array data to analyze the family event locations and changes in location. The
final aim is to introduce this kind of analysis as quantitative tool to understand ongoing eruptive
phases at andesitic volcanoes and possibly to forecast magma/fluid significant movements.

F.4 Modeling of Kashmir Earthquake’s Aftershocks Decay Rate Based on Static Coulomb
Stress Changes and Laboratory Derived Rate and State Dependent Frictional Law (Javed,
Hainzl, Aoudia)
Stress builds up during the inter-seismic period and leads to earthquake during the co-seismic
phase followed by intense aftershocks activity. We model the spatial and temporal evolution of
October 8, 2005 Kashmir earthquake’s aftershock activity using the rate and state dependent
frictional model incorporating the uncertainties in computed coseismic stress perturbations .We
estimated the best possible value for frictional resistance “Aσn”, background seismicity rate “r”
and coefficient of stress variation “CV” using maximum log-likelihood method. For the Kashmir’s
earthquake sequences, we measure a frictional resistance Aσn ~ 0.03bar, r ~ 7 events/year of
magnitude greater than 3.5 and CV= 0.90. The spatial and temporal probability distribution of
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modeled aftershocks fit well with the spatial and temporal distribution of observed aftershocks
that occurred in the stress increased region as well as in the apparent stress decreased region.

Fig. F5: Spatial distribution of the aftershock probability distribution (5x5km cell) forecasted by the model in
comparison with the observed M > 3.5 aftershocks (dots) within [0.5, 10] days: (a)CV = 0.90 and (b)CV = 0. The
other parameters are ta = 25,000 days, Asig = 0.013 MPa, and r = 0.08 events/day.

Training Activities
At ICTP
Diploma Course in Earth System Physics (A. Aoudia, coordinator)
7 - 18 May 2012
Sixth ICTP Workshop on the Theory and Use of Regional Climate Models
Organizers: F. Giorgi, R. Anyah, R. Porfirio Da Rocha, P. Ruti.
21 - 25 May 2012
Workshop on Atmospheric Deposition: Processes and Environmental Impacts
Organizers: F. Dentener, C. Galy-Lacaux, ICTP: F. Solmon
Co-sponsor: the International Union of Geodesy and Geophysics - IUGG
30 July - 10 August 2012
Targeted Training Activity: El Nino Southern Oscillation Monsoon in the Current and Future Climate
Organizers: J. Shukla, E. Sarachik, J.M.Wallace, ICTP: F. Kucharski
Co-sponsors: Indian Institute for Tropical Meteorology (IITM), Ministry of Earth Sciences - Pune, India;
International Union of Geodesy and Geophysics (IUGG) - Denmark; National Natural Science Foundation
of China, NSFC; Center for Ocean-Land-Atmosphere Interactions (COLA) - USA
15 - 19 October 2012
First CLIM-RUN Workshop on Climate Services
Organizers: Paolo Ruti, ENEA, Italy, Filippo Giorgi, ICTP, Italy
Funded by EC/FP7 project CLIM-RUN
29 October - 3 November 2012
Workshop on Geophysical Data Analysis and Assimilation
Organizers: Organisers: A. Ismail-Zadeh, B. Bukchin, G. Panza. ICTP: J. Niemela
Co-sponsor: the International Union of Geodesy and Geophysics - IUGG
12 - 16 November
Workshop on Variability in the Western Tropical Pacific: Mechanisms, Teleconnections and Impacts on
Sub-Seasonal, Inter-Annual and Inter-Decadal Time Scales
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Organizers: F. Molteni, H. Hendon, ICTP: F. Kucharski, R. Farneti

Outside Activities
15 - 28 January 2012
Haiti School on Earthquake Science (Port-au-Prince, Haiti)
Director: Abdelkrim Aoudia (ICTP)
Local Organizer(s): Jean Vernet Henry (Rector of UEH, Haiti), Jean Raoul Momplaisir & Janin Jadotte
(FDS, UEH), Eric Calais (UNDP Haiti)
7 - 12 May 2012
Joint ICTP-TWAS Workshop on Climate Change in Mediterranean and Caribbean Seas: Research
Experiences and New Scientific Challenges (Guayaquil - Ecuador)
Organizers: R. Martinez (CIIFEN, Ecuador), A Crise and S. Salon (OGS, Italy)
R. Farneti (ICTP)
15 - 21 November
Workshop on Quantification of Seismic Hazards in the Indo/Asian Collision Zone (Kathmandu, Nepal)
Organizers: A. Aoudia (ICTP) R. Bilham, (Colorado University, U.S.A.), B.N. Upreti (Tribhuvan
University, Kathmandu, Nepal)
Co-sponsors: the International Union of Geodesy and Geophysics - IUGG, National Science Foundation NSF, UNAVCO and Tribhuvan University
10 - 17 December 2012
Joint ICTP-TWAS Conference and Advanced School on Quantification of Earthquake Hazards in the
Caribbean: The Gonave Microplate (Santiago de Cuba, Cuba)
Organizers: L. Alvarez, B. Moreno, A. Aoudia (ICTP)

International Projects and External Funding
Assessing Climatic Change and Impacts on the Quantity and Quality of Water - ACQWA, funded
by the EU, 2008-2013, €208,000. (Coppola, Giorgi)
Quantifying Weather and Climate Impacts on Health in Developing Countries - QWECI, funded
by the EU, 2010-2013, €353,700. (Tompkins, Lowe, Piani, Biondi, Caporaso, Colon Gonzalez)
Socioeconomic Consequences of Climate Change in Sub-equatorial Africa - SoCOCA, funded by
the Norwegian Research Council, 2009-2013, €102,000. (Giorgi, Sylla, Diallo)
SHARE-Paprika Italy, agreement with Comitato Ev-K2-CNR, Bergamo, Italy, 2010 - 2013,
€75,000. (Giorgi, Chiacchio)
Health, Environmental Change and Adaptive Capacity: Mapping, Examining and Anticipating
Future Risks of Water-related Vector-borne Diseases in Eastern Africa – HEALTHY
FUTURES, funded by the EU, 2011-2014, €229,300. (Tompkins, Tefera Diro, Li)
Climate Local Information in the Mediterranean Region: Responding to User Needs – CLIMRUN, funded by the EU, 2011-2014, €251,200. (Giorgi, Giuliani)
Atopic Diseases in Changing Climate, Land Use and Air Quality - ATOPICA, funded by the EU,
2011-2014, €249,750. (Giorgi, Solmon, Torma)
Climate Modelling of Caspian Sea Level - funded by Shell/WRPMC Ltd-Water Resources
Planning and Management Consultants, 2011-2012, €215,000. (Elguindi, Giorgi, Turuncoglu)
Next Data: agreement CNR-ICTP, Italy 2012, €50,000. (Giorgi, Mariotti)
Earthquake and Tsunami Hazards and Preparedness, funded by the International Cooperation of
the Friuli Venezia Giulia autonomous government (2012-2014)(Aoudia)
EU Marie Curie - Talents Programme on Long-period Seismic Events in Volcanic Regions
(2011-2012) (Zandomeneghi)
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Co-PI Regione Friuli Venezia Giulia, GPS geodesy for continental deformation (2010 - 2012)
(Aoudia)
PI- Italian funds in trust with UNESCO, sub-project Building environmental networks in Africa
(2009 - 2012) (Aoudia, Hamling)
PI- European Space Agency, Earth Observation and the Geohazards Super Site: InSAR (Aoudia)
Co-PI Co-PI NERC Partnership for the Assessment and Mitigation of earthquake Hazard in the
Alpine-Himalayan Belt and central Asia, 2012 - 2016. (Aoudia)

Participation in International Programmes
Intergovernmental Panel on Climate Change (IPCC) (Giorgi)
World Climate Research program (WCRP) (Giorgi)
Coordinated regional climate Downscaling EXperiment (CORDEX) – WCRP (Giorgi, Coppola,
Mariotti, Sylla)
Climate of the 20th Century (C20C) Project, CLIVAR (Kucharski)
Co-PI NSF Award OISE- 0913230 Earthquake and Volcanic Hazards in the East-African Rift, coPI. (Aoudia)
Natural Environment Research Council (UK) Afar Rift Project, 2007-2012. (Aoudia)

Staff and long term visitors (3 months or more)
Professional Staff
F. Giorgi, Italy, Senior Research Scientist (head)
A. Aoudia, Algeria, Research Scientist
E. Coppola, Italy, Research Scientist
F. Kucharski, Germany, Research Scientist
F. Solmon, France, Research Scientist
A. Tompkins, U.K., Research Scientist
F. Molteni, Italy, (collaboration ECMWF, U.K.)

Staff Associates
C. Brankovic, Croatia
I.-S. Kang, Korea

Long-term Visiting Scientists
R. Fuentes Franco, Mexico
M. Llopart Pereira, Brazil
A. Mamgain, India
F. Raffaele, Italy
L. Sitz, Argentina

Post-doctoral Fellows
R. Biondi, Italy
L. Caporaso, Italy
M. Chiacchio, USA
F. Colon Gonzalez, Mexico
G.T. Diro, Ethiopia
N. Elguindi, USA
R. Farneti, Italy
G. Giuliani, Italy
M. Guidarelli, Italy
I.J. Hamling, U.K.
S. Li, China
L. Liu, China
R. Lowe, U.K.
L. Mariotti, Italy
A. Pozzer, Italy
C. Torma, Hungary
G. Tumolo, Italy
U. Turuncoglu, Turkey (visiting
scientist)

PhD Students
J.P. Bell, Cameroon (STEP programme)
R. Nogherotto, Italy
I. Diallo, Senegal (STEP programme, visiting scientist)
M.A.H. Zaroug, Sudan, (STEP programme, visiting
scientist)
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EARTH SYSTEM PHYSICS
HOSTED ACTIVITY

STRUCTURE AND NONLINEAR DYNAMICS
OF THE EARTH (SAND)

Introduction
The research activities are divided into two main lines: Non-Linear Dynamics of the Earth’s
Lithosphere (led by Prof. V.I. Keilis-Borok, Institute of Earthquake Prediction Theory and
Mathematical Geophysics, Russian Academy of Sciences, IEPT RAS, Moscow, Russia) and
Structure of the Earth with Application to Seismic and Volcanic Risk Mitigation (led by Prof.
G.F. Panza, Department of Mathematics and Geosciences, University of Trieste, DiMAGEUniTS, Italy).
Within the framework of the first line we aim at application of earthquake prediction algorithms
for a real-time intermediate-term middle-range earthquake prediction, analysis of earthquake
catalogs used in application of earthquake prediction algorithms, morphostructural zoning and
pattern recognition of earthquake-prone areas, lattice models of seismicity, and the study of
complex systems.
Within the framework of the second line we aim at the study of sources of recently occurred
earthquakes, comparison of seismic hazard maps and real seismicity, realistic modelling of seismic
ground motion scenarios for zoning and microzoning purposes.
Developed methodologies are transferred to scientists from developing countries through joint
research, with particular attention to training potential leaders, and combining the workshops
with subsequent individual projects. Special efforts are devoted to guarantee the continuity of a
collaborative research by exploiting currently available technologies for remote interactions (i.e.,
the internet). The very positive outcome from past experience calls for an improvement of such
interactions; this is attained by integration and formalization of existing scientific and computing
networks, where ICTP plays a key role as the base for training and dissemination, through
regular schools and workshops.

Research Activities
Line of research: Nonlinear Dynamics of the Earth’s Lithosphere
Analysis of earthquake catalogs used in application of earthquake prediction algorithms in Italy
A routine analysis of seismicity aimed at rigorous prospective testing and validation of
prediction/forecasting methodologies, requires the use of a sufficiently complete, timely updated
and homogeneous earthquake catalog. In view of a significant deterioration of NEIC-Italy data
completeness (specifically, the Global Hypocenters’ Data provided by the United States
Geological Survey National Earthquake Information Centre) evidenced during the recent years, a
comparative analysis of the regional and global earthquake catalogs currently available for the
territory of Italy has been performed, so as to identify appropriate alternative data. In particular,
we analyzed the instrumental seismic catalogs provided by the Istituto Nazionale di Geofisica e
Vulcanologia (INGV) for the earthquake forecasting experiment in Italy within the Collaboratory
for the Study of Earthquake Predictability (CSEP), so as to evaluate their suitability for
intermediate-term middle-range earthquake prediction purposes in the Italian area.
Among the INGV catalogs we have found three—CSI1.1, BSIpr and BSI—that jointly provide
earthquake data for about 30 years and have levels of completeness generally acceptable for the
intermediate-term middle-range prediction applications. The comparative analysis of these
catalogs reveals however some problems to be solved or to be taken into account before using the
joint dataset for any forecast/prediction purpose. The main problem is the magnitude
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heterogeneity in BSIpr dataset (see Figure 1) from 1 January 2003 to 15 April 2005. These data
are used to fill in the gap between the CSI1.1 and BSI catalogs officially provided by the INGV
for the CSEP-Italy forecasting experiment. Whereas the CSI1.1 and BSI catalogs are found to be
quite consistent in magnitude estimates, the BSIpr is significantly dissimilar from the others. The
cause of the dissimilarity is the BSIpr magnitude heterogeneity: Md is mostly given for small
events and ML for large ones. A likely solution of the problem could be a uniform calibration of
the BSIpr magnitude to make it consistent with the local BSI magnitude ML. Such magnitude
unification, done by the catalogs providers, would be an important step toward the creation of a
uniform long-term Italian earthquake catalog, which is necessary for any kind of reliable
earthquake forecast/prediction based on the analysis of seismicity variations.

Fig. 1: Frequency-magnitude distributions
for the equivalent earthquakes in CSI1.1
and BSIpr earthquake catalogs for Italy.

The discrepancy of about 0.2-0.3 magnitude units, which has been detected between BSIpr and
the other CSEP-Italy catalogs can bias the results of forecast/prediction methods when using
jointly CSI1.1+BSIpr+BSI dataset with a magnitude threshold lower than 3.5. Namely, it can
induce spurious variations of seismicity that are detected by models that characterize the
earthquake rate regularity, and hence can result in wrong forecast/prediction diagnostic. Based
on the long experience in the routine analysis of seismicity in seismic regions involving data of
widely varying quality, we consider this problem important and worthy of additional thorough
analysis in case the combined use of CSEP data for forecast/prediction purposes. A detailed
description of the results from this research is provided by Romashkova and Peresan (Acta
Geophysica, DOI: 10.2478/s11600-012-0085-x, 2012).
The intermediate-term middle-range earthquake prediction experiment, aimed at a real-time
testing of M8S and CN predictions for earthquakes with magnitude larger than a given threshold
(namely 5.4 and 5.6 for CN algorithm, and 5.5 for M8S algorithm) in the Italian region and its
surroundings, continued without any interruption throughout the year 2012. The experiment is
ongoing since 2003. Predictions are regularly updated every two months and a complete archive
of predictions is made available on-line
(http://www.ictp.trieste.it/www_users/sand/prediction/prediction.htm),
thus allowing for a rigorous validation of the applied algorithms. The results obtained during
about ten years of real-time monitoring already permitted a preliminary assessment of the
significance of the issued predictions. So far, 13 out of the 15 strong earthquakes, occurred within
the monitored territory since 1963, have been correctly preceded by an alarm (TIP, Time of
Increased Probability) declared by CN algorithm, with less than 30% of the overall space-time
volume occupied by alarm; the confidence level for such predictions is above 99%. Similarly, the
algorithm M8S correctly identified 14 of the 23 earthquakes with magnitude M5.5+ (i.e., between
5.5 and 6.0), occurred since 1972 within the monitored territory, with a space–time volume of
alarm of about 31%; the confidence level of M5.5+ predictions has been estimated to be above
98% (no estimation is yet possible for higher magnitude levels). Specifically, since July 2003, 5 out
of 7 target earthquakes have been predicted in real-time by CN, and 5 out of 9 by M8S algorithm.
A strong earthquake (Mw=6.1) hit the Emilia region, northern Italy, on 20th May 2012. The
epicentre was localized inside the northern region (Figure 2), alerted by CN algorithm for an
earthquake with magnitude M≥5.4, starting on 1 March 2012, whereas it occurred outside the
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areas alerted by M8S algorithm for the corresponding magnitude interval. Therefore, the
earthquake scores as a successful real-time prediction, for CN algorithm only.

Fig. 2: Northern region (in yellow) used for the
application of CN algorithm. In the diagram of TIPs,
the black boxes represent periods of alarm, while each
triangle surmounted by a number indicates the occurrence
of a strong event (M≥M0), together with its magnitude.
Full red triangles indicate failures to predict. The red
star in the map and the blue arrow indicate May 20th
2012.

The uncertainties associated with intermediate-term middle-range earthquake predictions are
intrinsically quite large. CN and M8S algorithms, however, proved effective in predicting strong
earthquakes, by rigorous prospective testing over the Italian territory. The increase in probability
of strong earthquake occurrence associated with the alarmed areas (TIPs) can be grossly
estimated based on the results obtained so far. Within the CN northern region (Figure 2), the
average probability of having a target earthquake is around 15% per year (8 events occurred in 48
years); taking into account prediction results, the probability of having the earthquake during an
alarm raises up to 45-50% (7 earthquakes in 14 years), whereas in periods with no alarm the
probability reduces to about 3% (1 earthquake in 34 years). Moreover, from the diagram of alarms
(TIPs) reported in Figure 2, it is possible to observe that 7 out of 10 alarms where actually
followed by an earthquake, with a false alarm rate around 30% for CN northern region.
Pattern Informatics analysis in Iran and Italy
In the framework of the very fruitful and intense collaboration with the International Institute of
Earthquake Engineering and Seismology of Tehran (IIEES), a preliminary analysis of seismicity
for the territory of Iran and Italy and has been carried out by means of the Pattern Informatics
(PI) algorithm, in order to assess its applicability and performances in retrospective analysis and
possibly to set up the rules for its real-time testing.
Pattern Informatics (PI) algorithm uses instrumental earthquake catalogs to investigate the rate
of seismicity in the study area and, based on the information from past events, calculates the
probabilities for the occurrence of future large earthquakes. The main measure used in this
method is the number of events above a specified magnitude threshold Mc that is counted over a
gridded area. PI has been applied in several regions of the world and different variants of the
method have been developed over the past decade. Hence, the problem of formally evaluating and
comparing the performances of the different PI variants needs to be addressed from an
operational perspective, in order to identify the preferred application scheme and as well as to
improve the performances of the method. In this research, PI has been applied to analyze the
earthquake catalogs of Iran and Italy for retrospective forecasts, so as to check if this method
could forecast the past moderate and large events, which occurred in two different regions
characterized by a quite complex seismotectonic setting. The original PI algorithm and one of its
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modified variants, as well as the Relative Intensity (RI) model, have been considered and a new
application scheme, based on routine updating of PI maps with 1-year step, is proposed. Different
input catalogs have been used, whenever available, to check the stability and statistical
significance of the obtained results.
In order to assess and compare the obtained results, the performances of the different methods
have been analyzed based both on ROC and ED diagrams, as well as accounting for different
measures to quantify the alarm rates. We considered different evaluation strategies, showing that
a critical element in the assessment of the obtained results is related with the definition and
quantification of the space uncertainty of the issued forecasts. Specifically, we evidenced that,
when estimating the hit rates, alarm rates and failures to predict, the Moore-neighbors should be
treated consistently. When calculating the fractions of alarms and false alarms rates, only
hotspots are usually counted as alarmed areas, whereas Moore-neighbors are also considered as
possible locations for target events; thus, earthquakes occurred in a wider territory than the
alerted one (i.e. outside the hotspots) are considered as successful predictions. However, if we
consider Moore-neighbors as possible locations for a strong earthquake, the Moore-neighbors
must be considered as alarmed cells and the fraction of alarms increases significantly.
The obtained results show that, with respect to application in Iran and Italy, the performances of
PI algorithm (both original and modified variants) are highly dependent on the selected
evaluation strategy and do not provide better information than the simple RI model, which does
not account for temporal properties of seismicity evolution. The overall performances can be
improved by introducing specific thresholds that discard the less active cells; however, being
based on some posterior optimization, a rigorous prospective testing is required to assess the
forecasting capability of the method. This study aimed to set up the rules for such testing,
including advance definition of the evaluation strategy.
Analysis of possible relations between seismic activity and uranium, radium and tritium groundwater
content monitored at LNGS
Uranium groundwater anomalies, which were observed in cataclastic rocks crossing the
underground Gran Sasso National Laboratory (LNGS) before the L’Aquila earthquake (April 6th,
2009), have been studied versus radium and tritium contents. The radionuclide analysis supports
the role of endogenic fluid dynamics for uranium content in groundwater rather than percolation
processes, due to meteoric events occurring above the water table of the Gran Sasso aquifer. The
uranium anomalies represent a key geochemical signal of a progressive increase of deep fluids
fluxes at middle-lower crustal levels associated with the geodynamics of the earthquake.
Moreover, the uranium represents a more precise strain-meter than radon as its presence can be
modulated during the preparation phase of the earthquake, and only successively released by
micro-fracturing during the main shock and aftershocks. The time series of the monitored
parameters have been preliminarily compared with the seismic activity characterizing the area
(i.e., within 50 km from the LNGS) prior and after the L’Aquila earthquake, including aftershocks
activity.
The results from this analysis support the hypothesis that the uranium anomalies represent a key
geochemical signal of the progressive increase of deep fluids fluxes at middle-lower crustal levels
associated with the geodynamics of the earthquake. Moreover, a possible new scenario for radon
dynamics related to uranium and radium content variations in groundwater has been observed.
Earthquake prediction by M8 algorithm
The experiment aimed at a real-time, intermediate-term, middle-range earthquake prediction of
the largest (with magnitude M ≥ 8.0) earthquakes at a global scale by means of the M8 algorithm
has been continued. Two such earthquakes have occurred in 2012 (11.04.2012 with M = 8.6 and
11.04.2012 with M = 8.2, Western coast of the North Sumatra). Their epicenters were in the
alarm area predicted by the M8 algorithm. They are not located within the refined area predicted
by the MSc algorithm, which provides a second approximation to M8 but are in its vicinity.
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Prospective testing of intermediate-term, middle-range earthquake predictions in Italy
The routine analysis of Italian seismicity by M8S algorithm has been continued. In particular the
update of real-time prediction of M5.5+, M6.0+ and M6.5+ earthquakes has been performed
(http://www.mitp.ru/en/m8s/M8s_italy.html).
The application of the M8S algorithm requires the use of a sufficiently complete, timely updated
and homogeneous earthquake catalog. In view of the significant deterioration of the NEIC-Italy
data completeness a comparative analysis of the regional and global earthquake catalogs currently
available for the territory of Italy has been performed, so as to identify appropriate alternative
data. In particular, the instrumental seismic catalogs provided by the INGV for the CSEP-Italy
forecasting experiment and seismological bulletin provided by the International Seismological
Centre (ISC) have been analyzed in details. Basing on the results of this analysis a decision to use
the combined NEIC+ISC catalog for continuation of the real-time earthquake prediction
experiment by the CN and M8S in Italy has been made.
Morphostructural zoning of the Po plain
The Po plain has been studied with Morphostructural Zoning (MZ) method with a further goal to
identify earthquake-prone areas in the region using the pattern recognition approach. The
mountain systems surrounding the Po plain have been previously studied with MZ for
identification of seismogenic nodes. The Po plain was not studied in our previous works. In this
study we apply the same approach to this part of the Italian region. MZ in combination with
pattern recognition provides potential locations for future earthquakes. The preliminary MZ map
of the Po plain has been compiled using topographical, tectonic and geological maps as well as
satellite photos. Recent publications on geomorphology, tectonics, seismotectonics and
geophysical studies of the Po plain have been taken into consideration. The map shows
hierarchical blocks-and-lineaments structure of the region and locations of morphostructural
nodes that are formed around intersections or junctions of lineaments of different strike. The
correlation of earthquakes with M ≥ 5.0 with intersections of lineaments is shown in Figure 3.
We are planning to use the MZ map for recognizing nodes capable of earthquakes with M ≥ 5.0.

Fig. 3: Morphostructural zoning map of the Po plain. Lines depict morphostructural lineaments. Most thick lines
mark first rank lineaments; thick lines show the second rank lineaments; thin lines depict lineaments of third rank.
Dashed lines show supposed lineaments. Dots mark epicenters of earthquakes with M ≥ 5.0.

Study of lattice models of seismicity
Various variants of the dissipative lattice SOC model of Olami, Feder, and Christensen (OFC),
which is an analogue of the Burridge-Knopoff spring-block model have been investigated. It was
shown previously that the model behavior demonstrates rather long periods of quasi-periodicity
in the case of the lattice with boundary conditions. Predictability of appearances of large clusters
decreases in these periods. These quasi-periods have been investigated for the 2-D case. It has
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been shown that these periods are created by chains of rather big clusters with more or less the
same reoccurrence time and space. The chain starts from a big cluster with high mean energy and
an epicenter located at the boundary of a lattice. Step by step clusters in the chain become weaker.
An algorithm for prediction of time periods with decreased predictability has been constructed.
Study of complex systems
Study of stability of physical and engineering processes spawns the problem of estimating the
probability p(T) that a random process will not override a certain level during a long time T. The
asymptotics of p(T) has been studied for the case when it is exponential and its exponents have
been estimated for a wide class of Gaussian processes including the fractional Brownian motion
(FBM) in (-T_, T), T ≥ T_ >> 1 and the integrated FBM in (0, T), T >> 1.

Line of research: Structure of the Earth with Application to Seismic and Volcanic Risk
Mitigation
Prospective testing of time-dependent seismic hazard scenarios
Operational issues are a pressing concern in seismic hazard assessment (SHA), as fatally
evidenced by the most destructive recent events worldwide, including the Tohoku (2011) and
Haiti (2010) earthquakes. A reliable and comprehensive characterization of expected seismic
ground shaking, eventually including the related time information, is essential in order to develop
effective mitigation strategies and to increase earthquake preparedness. In the neo-deterministic
approach (NDSHA) the definition of the space distribution of seismicity accounts essentially for
the “Maximum Credible Earthquake” (MCE) associated with the different sites. Seismic sources
considered for ground motion modeling are defined based on the largest events reported in the
earthquake catalogue, as well as incorporating the additional information about the possible
location of strong earthquakes provided by the morphostructural analysis, active fault studies and
other geophysical indicators, thus filling in gaps in known seismicity. The advantages of the
NDSHA over the PSHA approach, and its performances in anticipating ground shaking in
occasion of the May 20th 2012 Emilia earthquake (M=6.1) have been briefly illustrated by
Peresan and Panza (EOS Transaction, American Geophysical Union. Vol. 93, No. 51, 2012).
Based on NDSHA approach, an operational integrated procedure for seismic hazard assessment
has been developed that allows for the definition of time dependent scenarios of ground shaking,
through the routine updating of earthquake predictions, performed by means of the algorithms
CN and M8S. The related time-dependent ground motion scenarios associated with the alarmed
areas, are routinely updated every two months since 2006.
The time-dependent ground shaking scenario associated to CN northern region (Figure 4a)
defined for the period 1 March - 1 May 2012, correctly predicted the ground shaking, as large as
∼0.25g, recorded for this earthquake.
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Fig. 4: Time-dependent scenarios of ground shaking associated to an alarm in CN northern region (Figure 2), for the
period 1 March – 1 May 2012: a) acceleration map, computed considering simultaneously all of the possible sources
within the alarmed area and for frequencies up to 10 Hz; b) same as map a), but for A>0.2 g. The circle evidences the
area within 30 km distance from the epicentre of the Emilia earthquake.

Notably, the ground shaking for this earthquake systematically exceeded the values expected at
the bedrock in the area according to current Italian seismic regulation (i.e. PGA<0.175g), which
is based on a classical PSHA map: (http://zonesismiche.mi.ingv.it/mappa_ps_apr04/italia.html).
This is the second large earthquake that struck the Italian territory, along with L’Aquila
earthquake; in both cases the method correctly predicted the observed ground motion, although
L’Aquila earthquake scores as a failure in the earthquake prediction experiment, because the
epicenter was located about ten km outside the alarmed territory.
The results acquired in the prospective application of the time-dependent NDSHA approach allow
for a rigorous validation of the integrated methodology and, at the same time provide information
that can be useful in assigning priorities for timely mitigation actions. As an example, for sites
where ground shaking values greater than 0.2 g are estimated at bedrock (Figure 4b), further
investigations can be performed taking into account the local soil conditions, to assess the
performances of relevant structures, such as historical and strategic buildings. The results from
this study were reported to the Italian Parliament, VIII Environment Commission of the
Chamber of Deputies, in the framework of the activities aimed at reviewing current knowledge
and state of seismic safety for the Italian territory.
Structural and 3D density model of the crust and the upper mantle beneath the Alps at 0.5°×0.5°
In the following are summarized the results of the refinement of the cellular model to a resolution
of 0.5°×0.5° for the Alpine region. It is well known, in fact, that the inversion is strongly
influenced by the definition of the properties of the more superficial layers fixed (variable
thickness between 4 and 13 km of depth). Non-linear inversion of dispersion data of surface waves
is performed for a set of 128 cells sized 0.5°×0.5°.
The obtained model is appraised, as usual, with independent geophysical constraints and
seismicity. Thus the geometry of the model is used to constrain the 3D gravity inversion.
The three-dimensional model obtained, while confirming the general structural features of the
model at scale 1°×1°, shows the extreme influence of the definition of the fixed surface layers,
allowing to appreciate not only the extreme variability of crustal thickness in the Alps and the Po
Plain but also the heterogeneity in the mantle at the Alpine, subalpine, Apennines and Dinaric
collisional areas.
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As has been done for the 1°×1° model, the density model resulting from 3D gravimetric inversion
can be used to appraise the Moho depth. If we consider the depth of 3.00 g/cm3 isosurface,
conventionally assumed as the transition density value between crust and mantle, we can see that
its distribution mimics fairly well the Moho depth obtained by seismological model.
As an example of lateral density heterogeneities in the mantle the 3.30 g/cm3 isosurface is shown
(Figure 5).

Fig. 5: Depth of the 3.30 g/cm3 isosurface
determined by density model.

The shape of the isosurfaces clearly delineates the alpine subduction, where both the isosurfaces
(3.20 and 3.30 g/cm3) are depressed in depth with respect to neighbouring mantle.
We can thus conclude that the refined model confirms the evidence that subducting slabs are not
denser then the surrounding mantle, but they are even lighter.
Study of earthquake sources
The earthquake which occurred to the west of the coast of northern Sumatra in April 2012 has
been studied. The estimates for moment tensor, depth, and integral characteristics describing the
geometry of the faulting process and its evolution in time have been obtained by using long
period surface wave spectra from 200 s to 300 s. The main results of this study are presented in
Table 1. The relation between integral estimates and real characteristics of source duration and
spatial extent depends on the distribution of moment rate density in time and over the fault. In
the case of Gaussian distributions the 99% confidence duration is 2.5 times larger then the
integral estimate, and 99% of the confidence axis length is 3 times larger than the correspondent
integral estimate. The value being equal to 100 s for the source process duration has been reached
by multiplying the integral estimate of duration by factor 2.5. Multiplying the integral estimate
for the major axis length by factors 3 the value 375 km has been obtained. The integral source
characteristics describing the geometry of faulting process and its evolution in time are calculated
under the assumption that the fault plane coincides with the nodal plane with a strike angle equal
to 106°. Similar calculations were performed using the nodal plane with strike angle equal to 200°
as a fault plane. The misfit between synthetic and observed surface wave spectra in this case has
been found significantly larger (Figure 6). It allowed us to select the sub-latitudinal nodal plane
as the fault plane.
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Fig. 6: Comparison of residual functions for two selections of the fault plane. Solid lines correspond to selected plane
with strike angle 106°, dashed lines correspond to selected plane with strike angle 200°.
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Table 1: Integral estimates for the source of the Northern Sumatra earthquake.
y - strike angle, d - dip angle, l - rake angle, M0 – seismic moment, Mw – moment magnitude, h – centroid depth, Dt
– source duration, Lmax – major axis length, aLmax – angle between major axis and strike axis, Lmin – minor axis
length, V – absolute value of the average instant centroid velocity, aV – angle between direction of the average instant
centroid velocity and the strike axis.

Stability of fault plane solutions for Mw ≥ 4.8 in northern Italy in 2012
In the critical analysis of the moment tensor solutions of the recent seismic sequence in EmiliaRomagna, retrieved by the non-linear method named INPAR, the reliability of each solution is
discussed in terms of accuracy of source time function (STF), percentage of Compensated Linear
Vector Dipole (CLVD) component and statistical significance of the retrieved mechanism. The
poor resolution of the off-diagonals elements Mzx and Mzy of the moment tensor, which excite
Green functions vanishing at the free surface, causes instability in moment tensor solutions for
crustal earthquakes whose source depth is significantly exceeded by the dominant wavelengths of
data used in the inversion. As a consequence spurious large CLVD components arise and pairs of
solutions with nodal planes showing a 180° rotation around the vertical axis (i.e. ! = ! + 180°,
where is strike angle) are possible. The less well determined the Mzx and Mzy components are,
the more likely is the existence of a pair of well-fitting solutions. The conditions for the existence
of such a pair are more likely satisfied when dealing with earthquakes close to vertical strike-slip
or near-dip-slip mechanism, whose nodal plane dips ~ 45°.
The major events (MW ≥ 4.8) that affected northern Italy since 25 January 2012, are relocated
and their fault plane solution is retrieved, using broadband stations from MEDNET, French,
Swiss and Italian Seismic Networks.
The events are chronologically numbered and their source parameters are listed in Table 1. The
fault plane solutions retrieved by INPAR, reduced to best double couple, are shown in Figure 7a,
compared to TDMT solutions (Figure 7b), RCMT (Figure 7c), both retrieved by the Istituto
Nazionale di Geofisica e Vulcanologia (INGV), and CMT-Harvard solutions (Figure 7d).
In Figure 7e are shown, for each event, the fault plane solutions and their confidence areas,
obtained by INPAR. In order to test the effect of the signals period content on the stability of
solutions, the inversion is performed considering cutoff periods varying from 10 to 30 s. In the
rightmost column the TDMT solution is shown for comparison. For each event relevant
parameters such as source depth, percentage of CLVD and cutoff period are shown.
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Fig. 7: Fault plane solutions (best double couple) determined by: a) INPAR, inverting at 10-15 s cutoff period (details
in Table 1); b) TDMT-INGV (20 s cutoff period); c) RCMT (30-40 s cutoff period); d) CMT (40-50 s cutoff
period). The beachballs are scaled to magnitude. e) Fault plane solutions determined by INPAR inverting at different
cut off periods, with their confidence areas. For each solution, source depth, percentage of CLVD and low pass
gaussian filtering period are given. TDMT solutions are reported for comparison in the rightmost column, with the
filling of the beachballs denoting the percentage of CLVD component.

The solutions obtained by the inversion at the shortest period (Figure 7e, first column) are in all
cases preferable in terms of confidence areas, percentage of CLVD or both, with the exception of
event 1. The most similar solutions between INPAR and results reported by other agencies are
found inverting at longer period (Fig. 7e, third column), with the exception of event 1, possibly
contaminated by high noise level.
Major differences both in source depth and in the fault plane solutions are found for events 6 to 8
(29 May main shock and aftershocks). INPAR locates these events at a depth ranging from 17 to
24 km and retrieves a significant strike-slip component, while other agencies report shallow and
near to 45° dip-slip events, with the exception of event 8 which is reported as a low angle dip-slip
both by TDMT and RCMT (Figure 7b, c). Performing INPAR inversion at longer periods, where
the resolution is lost, the strike-slip behavior vanishes and the source depth becomes shallow for
all three events.
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N°

Date
(yy-m-dd)

UTC Time
(hh:mm:ss)

Lon
(°)

Lat
(°)

Depth
(km)

strike
(°)

dip
(°)

rake
(°)

MW

1
2
3
4
5
6
7
8

12-1-25
12-1-27
12-5-20
12-5-20
12-5-20
12-5-29
12-5-29
12-6-03

08:06:37
14:53:14
02:03:53
03:02:50
13:18:02
07:00:03
10:55:57
19:20:43

10.54±.1
10.19±.1
11.23±.1
11.34±.1
11.48±.1
11.21±.1
10.70±.1
11.10±.2

44.85±.1
44.38±.1
45.00±.1
44.64±.1
44.65±.1
45.00±.3
44.94±.1
44.95±.1

45±2
61±1
6±1
2±1
4±1
24±14
20±1
17±1

92
120
114
128
153
107
148
269

74
79
72
54
82
26
81
75

-94
-117
78
89
98
158
167
-162

5.4
5.5
6.0
5.2
5.1
5.7
5.4
4.9

Table 2: Source parameters of the events retrieved by INPAR inversion at the shortest period (preferred solution).

Thus, we can conclude that, for shallow crustal earthquakes, instability in the determination of
moment tensor solutions arises when signals with a cutoff period longer than 20 s are inverted.
Such instability is mainly due to the poor resolution of tensor components Mzx and Mzy, which
excite Green functions vanishing at free surface, and it affects both source depth and fault plane
solution retrieval. In some cases pairs of equally probable solutions are observed, with a strike
angle rotation of 180° around the vertical axis, in particular for near dip-slip events with dip
angle ~ 45°.
Comparison of the NDSHA, PSHA seismic hazard maps and real seismicity for the Italian territory
Rigorous and objective testing of seismic hazard assessments against the real seismic activity is a
necessary precondition for any responsible seismic risk assessment. Recent analysis showed that
the performances of the traditional probabilistic approaches to seismic hazard assessment (PSHA)
in predicting ground shaking are very unsatisfactory, particularly for large earthquakes. A viable
alternative to PSHA is represented by the sound definition of credible scenario events by the neodeterministic approach (NDSHA), a methodology based on the realistic modelling of ground
motion, which permits the generalization of empirical observations by means of physically sound
theoretical considerations. Besides the standard estimates, the flexibility of NDSHA permits to
account for earthquake recurrence and eventually allows for generation of ground shaking maps
at specified return periods. This permits a straightforward comparison between the NDSHA and
the PSHA maps.

Fig. 8: The intensity maps in
comparison: a) Iobs – obtained from the
real seismicity, CPTI04 catalogs PSHA
method maps; b) 475 return period map
– IPGA10%; c) 2475 return period map
– IPGA2%, NDSHA method maps; d)
standard – IDGA; e) 475 return period
map – IDGA10%; f) 2475 return period
map – IDGA2%.
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The reference hazard maps for the Italian seismic code, obtained by PSHA in terms of peak
ground acceleration, PGA, as defined for 10% and 2% probability of incidence in 50 years
(PGA10% and PGA2% maps, Figures 8b and 8c) associated with return periods of 475 and 2475
years correspondingly, and the alternative ground shaking maps based on NDSHA (Figures 8d8f) provided by the term-less standard NDSHA method and the two maps associated with the
same return periods (DGA, DGA10%, and DGA2% maps, respectively), are tested against real
seismicity for the Italian territory. To characterize the real seismic activity the CPTI04 catalog of
the historical seismic events with intensity VI or more from 217 B.C. up to 2002 A.D.,
Iobs=max{I0(CPTI04)} was used for each grid point (Figure 8a).
The comparison of the model intensity maps against real seismic activity in Italy reveals many
contradictions regarding several aspects of models seismic ground shaking distribution in space
and size. The following results and conclusions were obtained: (i) the estimates of seismic
intensity attributed by any of the five models considered, including the official seismic hazard
map, and those reported in the Italian data bases of empirical observations do not demonstrate
arising from the same distribution; (ii) models (except for PGA10% at the cost of large number of
“surprises”) generally provide rather conservative estimates, which tend to over-estimate the
hazard particularly for the lower intensity events and do not yet guarantee avoiding the errors;
(iii) in terms of efficiency, measured by the sum of the error percentages, the neo-deterministic
models appear to outscore the probabilistic ones and might be a better fit to the real seismicity.
The sum of errors appears to be rather high for any of the models considered: e.g., for intensity
VIII, it is about 100%, and, for intensity IX, exceeds 80%. The obtained results might be
indicative of the limited predictive understanding of the ground shaking phenomena due to a
short history of instrumental seismology and, in particular, the accepted rules for extrapolation.
Furthermore, the observed “best fit” of the empirical distribution function of the DGA10% map to
the Iobs and the simultaneous non-randomness of this result also suggests that maps associated
with a return period of 475 years may describe well past seismicity, but fail in predicting future
hazard, as it occurs with the PGA10% map. Thus, the obtained results might indicate a
fundamental misfit of the generally accepted uniform rules of homogeneous smoothing applied to
observations on the surface of the naturally fractal massif of blocks-and-faults with evidently
heterogeneous structure and rheology.
Application of the modal method to the acoustic domain.
The methodology based on the modal technique, that has been successfully adopted for the
seismic (and tsunami) wavefields, has been tested in the study of the excitation and propagation of
acoustic waves in oceanic models. These type of waves can be represented using the same
formalism of the seismic ones, but some significative differences have to be highlighted: the source
considered is an explosive one and the cut-off frequency of the computations is up to 100Hz
(typical acoustic range). This approach, due to its efficiency, can play an important role both in
the direct, e.g. seismo acoustic coupling and the generation of T-waves and the inverse problem,
to identify the fine structure of seabed sediments.
The numerical experiments that have been performed pointed also to reveal the effect, both on
the Fourier spectra and on the time signal, of the presence of a low velocity channel in the oceanic
domain. The acoustics signals have been processed using the very efficient FTAN analysis
(developed by SAND Group), that allows a deep understanding of their time-frequency structure
(e.g. dispersion). Dispersion curves, time signal and amplitude spectra, computed considering only
the first higher mode, whose excitation is strongly affected by the presence of the channel, are
shown in Figures 9 and 10.
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Fig. 9: Signal, amplitude spectra and FTAN map for the oceanic structure with low velocity channel, considering the
first higher mode only.
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Fig. 10: Signal, amplitude spectra and FTAN map for the oceanic structure without channel, considering the first
higher mode only.
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Tsunami hazard assessment for the Adriatic basin
Using the modal approach for laterally heterogenous bathymetries we compute tsunamigrams
from selected scenarios, performing parametric tests on focal mechanism and magnitude, at a set
of receivers corresponding to important coastal cities along the Adriatic coasts.
These results have been used as a starting configuration to compute a complete set of tsunami
scenarios: we have used the code that computes signals for simplified bathymetries (a structure
corresponding to the source and another one corresponding to the receiver) to reproduce the
signals computed using the original bathymetry for some offshore sources. This approach
represent a sort of parametric test on the proper choice of the two structures used in the
simplified model and of a parameter that in some way reproduces the slope of the bathymetry
from source to receiver. For the majority of the computed signals this approximation provide
good results.
The use of a simplified bathymetry allows us to compute in a very efficient and fast way not only
the signal for a single source-receiver path but also those for a grid of receivers. This permits a
general overview of the tsunami hazard of a certain zone and the computed values could be used
as boundary conditions for an detailed coastal inundation model. For the selected source-receiver
paths, a test of a code that computes tsunamigrams for bathymetries with full 3D heterogeneity
has been performed; this code, initially written for seismic waves, has been adapted to tsunami
waves allowing the treatment of curved ray paths. In this case, the code has been used to compute
signals for a receiver located near Trieste due to tsunamigenic seismic sources near Split and
Ancona. In fact, with this configuration a straight ray path would reach only Istria while a
tsunami wave with a curved ray path can hit Trieste. Furthermore, the use of a simplified 2D
model easily permits the adoption of an extended seismic tsunamigenic source; in the following
Zone 1 will be shown as an example.
Zone 1 includes the area South-East of the central Adriatic pit (or Jabula pit) and the Croatian
coasts from Zadar to the island of Hvar. The seismicity of the coastal region is determined by the
subduction of Adriatic plate under the Dinarides (ZS9) while the seismicity of the central Adriatic
area is of intra-plate type. The typical fault mechanisms for the zone are thrust or strike-slip and
the focal depth ranges from 10 to 25 km. Most of zone is underwater and so macroseismic data
are not abundant. The maximum reported historical magnitude is M=6.1. Even according to the
most pessimistic estimates, earthquakes with magnitude lower than 6.0 generate tsunamis with
maximum magnitudes of few centimeters, therefore events with much higher magnitudes (i.e., 6.5,
7.0 and 7.5) have been studied. Three values of focal depth are used in the calculation: 10, 15, and
25 km. A thrust focal mechanism is considered for all the simulations, with dip angle of 45
degrees. The location of the epicenter is fixed at the point of coordinates 43.20N, 15.21E,
corresponding to the 29 March 2003 earthquake of magnitude M=5.5. The liquid layer above the
source is 200m thick.
When considering the simplified bathymetry model, source and receiver structures must be
defined, and a parameter linked to the slope of the real bathymetry. Obviously the full 2D model
can be used as trace to select the right parameters. In this example, the source structure has been
kept fixed while the other 2 parameters have been chosen after performing a parametric study to
find the better fit with results available in literature. Table 3 summarizes the results obtained
using the complete bathymetric model for a M=6.5 event with hypocentral depth H=10 km, while
in Table 4 the corresponding values obtained using the simplified model are shown.

Peak Amplitude (cm)

Arrival time (min)

Durres

2

110

Ortona

7

20

Split

6

30

Venice

3

190

Table 3: Amplitude and arrival times for the full bathymetric model.
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Peak Amplitude (cm)

Arrival time (min)

Durres

2.5

108

Ortona

7.3

44

Split

6

37

Venice

3

163

Table 4: Amplitude and arrival times for the simplified bathymetric model.

As one can see the agreement is reasonably good, with the exception of the arrival time of the
tsunami waves at Ortona. Especially for Durres and Split receivers, the real bathymetry is quite
complicated. When using the simplified model for a quick estimation of the tsunami hazard, in the
parametric selection of the source and site models, a conservative choice have to be made, also
because the selected parameters will be used, in the scenario computations, not only for the
selected point but also for a coastal zone surrounding it. Obviously, for narrow zones
computations will be more precise, but a larger amount of computations will be required, with a
penalty both in computational time required and in the time spent testing the parameterization of
the model. In Figure 11 is shown the hazard scenario along the Adriatic coasts for magnitude 6.5
with focal depth 10km.

Fig. 11: Scenario for source 1 with M=6.5.

The other development in the use of the modal approach for the computation of tsunami waves is
the possibility to compute signals for a oceanic model with a full 3D heterogeneity. This approach
allows one to consider also curved raypaths following Fermat’s principle. We computed the
signals for a receiver placed near Trieste excited by the Split zone source, that would be
impossible adopting a 2D model since it would be lying in the shadow zone of the Istria
peninsula. The theory has been adapted from the approach adopted from its application for the
seismic wavefield. In Table 5 are reported the peak amplitudes obtained for three values of
magnitude, 6.5, 7, 7.5, and three different focal depths.

84

ICTP Full Technical Report 2012

M=6.5

M=7

M=7.5

H=10 km

2.5 cm

14.5 cm

81 cm

H=15 km

< 2 cm

3.5 cm

27 cm

H=25 km

< 2 cm

< 2 cm

12 cm

Table 5: Peak amplitudes for Split-Trieste path signal.

Definition of seismic and tsunami hazard scenarios in Gujarat (India) by means of Indo-European einfrastructures: feasibility study
Gujarat is experiencing an exponential growth through the declaration of Special Investment
regions, Special Economic Zones and Industrial Hubs. However, Gujarat is the only state outside
of the Himalayan region that has high seismic hazard due to earthquakes of magnitude 7 and 8
that may occur in the area. Hence, the zones of rapid demographic, economic and industrial
growth in Gujarat need to have prior information about earthquake safety factors to be
considered.
For this purpose, the neo-deterministic technique, based on the computation of synthetic
seismograms, seems the perfect tool to prepare realistic seismic ground shaking scenarios based
on the knowledge of the seismicity of the area and of the properties of the Earth’s crust in the
region. The methodology is generally applied first at the regional scale, modeling the gross
features of the seismic hazard in the area, and then at the local scale, refining the characteristics of
the uppermost part of the structural models, up to the soil properties, for the most detailed
modeling required for specific sites of interest.
A feasibility study has been carried on by SAND, and verified that the required data are actually
available for relevant areas of Gujarat, or could be acquired in a short time where information is
lacking, with the instrumental facilities available at the Institute of Seismological Research (ISR)
of Gandhinagar.
The work started at regional scale for the whole Indian region, with the definition of cellular
models.
At the local scale, due to their relevance, three areas have been identified as the target of the
microzonation studies: Ahmedabad, Dholera and Gandhidham, shown in Figure 12 together with
the main seismicity of the area and the most relevant tectonic features.

Fig. 12: Location of the sites of Ahmedabad,
Dholera and Gandhidham selected for the
microzonation studies. The main seismicity of
the area is indicated by the open circles, while
the red lines show the most prominent tectonic
features of the area.
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Based on the site characteristics of the three selected areas, the activities that have been
suggested are:
a) a parametric study on the influence of the source properties on the ground shaking scenarios
expected in Ahmedabad. Given the laterally homogeneous structural model that can be
adopted for the Cambay Rift, the parametric variations will be focused on the properties of the
faults, including the directivity effects determined by the characteristics of the rupturing
process. A first approximation of the structural model for the area has been prepared.
b) for the sites of Dholera and Gandhidham, given the more complicated site conditions, wave
propagation has to be studied with the 2D hybrid technique that allows to take into account
the lateral heterogeneities of the soils. An example of a profile constructed for the site of
Dholera starting from the data available at ISR is shown in Figure 13. The same kind of data
are being collected for the site of Gandhidham, and so it will be possible to build up the model
also for that site.
The conclusions of the feasibility study pointed out that no major obstacles to the realization of
the microzonation studies could be forecasted.

Fig. 13: Local soil characteristics for a cross-section prepared in the Dholera area.

Seismic noise measurements in the Scotia Sea region, Antarctic Continent
Analysis of seismic ambient vibrations is becoming a widespread approach to estimate sub-surface
shear wave velocity profiles. In this framework, seismic noise measurements available from the
ASAIN network located in the area of the Scotia Sea in the Antarctic continent have been and
cross-correlated with the aim of recovering the Green function of the medium crossed by the
wavefield.
This study is preliminary to a subsequent analysis targeted at the definition of the S-wave
velocities along the considered profiles in the area of study, based on the frequency-time analysis
(FTAN) of the cross-correlations and on the Hedgehog non-linear inversion of the fundamental
mode dispersion curve determined with FTAN.
Correlation between macroseismic intensities and seismic ground motion parameters
Updated correlation relationships between the macroseismic intensities felt in Italy and the peak
values of displacement, velocity DGA and acceleration have been computed for synthetic
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seismograms computed with maximum frequency contents of 1 Hz (Table 6) and 10 Hz (Table 7).
These correlation relationships are particularly relevant for countries with a long seismological
history since it facilitates the engineering use of historical events that are quantified only in terms
of macroseismic intensity.

I

PGV (cm/s)

DGA (cm/s2)

IV

0.1 - 0.25

1.0 - 2.1

V

0.25 - 0.5

2.1 - 4.4

VI

0.5 - 1.1

4.4 - 9.0

VII

1.1 - 2.2

9.0 - 20.0

VIII

2.2 - 4.7

20.0 - 40.0

IX

4.7 - 10.0

40.0 - 83.0

X

10.0 - 20.0

83.0 - 175.0

Table 6: Conversion between the macroseismic observed MCS intensities and the interval values of velocity and DGA
(1 Hz seismograms).

I

PGV (cm/s)

PGA (cm/s2)

IV

0.4-0.8

6.3-12

V

0.8 - 1.5

12 - 22.9

VI

1.5 - 2.8

22.9 - 43.6

VII

2.8 - 5.2

43.6 - 83.2

VIII

5.2 - 9.7

83.2 - 158.5

IX

9.7 - 18

158.5 - 302

X

18 - 33.5

302 - 575.4

Table 7: Conversion between the macroseismic observed MCS intensities and the interval values of velocity and
acceleration (10 Hz seismograms).

Since peak values of ground motion and intensities are poorly correlated and their scatter is
considerable, the correlation hypothesis (log(y) = a + b × I, where y is the a peak value and I is
the intensity) is applied considering the average data. The relation between observed intensity
and synthetic peaks has been examined computing for each event in the macroseismic database
the associated ground shaking scenario for points with observed intensity.
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Estimation of G-R law parameters for strong earthquakes in Italy
In order to establish a cumulative frequency-magnitude relation of earthquakes, we choose to use
the multiscale seismicity model. The a- and b-values have already been calculated for the Italian
territory using different catalogs: the PFGING and the UCI04 catalog respectively, the latter
covering a larger time period and having revised magnitudes. In both estimates the Italian
territory was divided into the same b-zones according to two magnitude thresholds: 3.5 ≤ M <
5.0 (first level) and M ≥ 5.0 (second level). The magnitude range, as expected from the multiscale
seismicity model, determines the extension of these zones, which are 10 for the first level and 4
for the second level. As NDSHA considers destructive events, which have at least M = 5.0, only
the second level of the multiscale model has been taken into account. For M ≥ 5.0 the Italian
peninsula is divided into three zones: northern, central and southern Italy. For the first two zones
(northern and southern Italy) the b-value results to be the same (b = 1.07), while the slope of the
frequency- magnitude relation for southern Italy is as low as b = 0.65 (see Table 8).
The used catalogues are UCI2010 and CPTI04. The catalog UCI2010 covers a larger time period
than catalog CPTI04, as 7 years (2004 2010) of PDE data have been added. One of the main
questions in the estimation of G-R law parameters is detection of the catalogue completeness in
time, M-(T). The solution is given in terms of lower cut off magnitude M-(T) and means that all
events of M > M-(T) for given zone are representative at the moment t. The completeness of data
in Italy is varying not only in time but is space too. The completeness of catalog UCI2010 in
additional part (2004 2010) is not the worse than the completeness of catalog CPTI04 in the last
5 years, i.e. the additional part of UCI2010 is full for M ≥ 5.0.
The used a-zones are constructed by joining up of zones of ZS9 seismogenic zonation of Italy.
The estimates of b-values for M ≥ 5.0 using various CPTI04 and UCI2010 are practically the
same. Using of the new catalog UCI2010 the significant difference of b-values in zones I + II and
III is confirmed.

#

N
M≥5

AC

b

( M≥M0 )

1

19

-1.121

1.07

2

19

-1.164

1.07

3

34

(-1.047)

1.07

4

35

-1.153

1.07

5

11

-1.507

1.07

6

25

-1.150

1.07

7

22

-1.248

1.07

8

16

-1.792

0.65

9

31

-1.504

0.65

10

27

-1.581

0.65

Table 8: Estimation of (a, b) by catalog CPTI04 without aftershocks.

Neo-deterministic seismic hazard assessment and earthquake recurrence
A neo-deterministic approach to seismic hazard assessment (NDSHA) is applied to the Italian
territory, which allows a realistic description of the seismic ground motion due to an earthquake
of given distance and magnitude. The approach is based on modeling techniques that have been
developed from a detailed knowledge of both the seismic source process and the propagation of
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seismic waves. From the computed complete synthetic seismograms the estimates on peak ground
acceleration, velocity and displacement or any other parameter relevant to seismic engineering
can be extracted. NDSHA, in its standard form, defines the hazard as the maximum ground
shaking at the site, computed considering a large set of scenario earthquakes; hence it does not
supply information about the frequency of occurrence of the expected ground shaking. However,
we show in this study that the flexibility of the neo-deterministic approach permits to account for
earthquake recurrence and eventually allows for the generation of ground shaking maps at
specified return periods
The characterization of the frequency-magnitude relation for earthquakes in the Italian region is
performed according to the multi-scale seismicity model and a recurrence estimate is associated to
each of the modelled sources. Since the frequency of the source is associated to the related
seismograms, a standard map of ground shaking is obtained along with the map of the
corresponding recurrence. The introduction of recurrence estimates in NDSHA also allows the
generation of ground shaking maps for specified return periods that permits a straightforward
comparison between the NDSHA and the PSHA maps. The comparison shows that the maps
estimated for a fixed probability of excess, strongly depend on the corresponding return period,
with NDSHA providing a considerably wider range of ground shaking values than PSHA (Figure
14).

Fig. 14: Map of maximum DGA (left) and its recurrence (right) with seismogenic zones and seismogenic nodes.
Question marks represents sites with incomplete recurrence characterization of maximum ground shaking.

Seismological and engineering analyses for the seismic verification of Palazzo Galatti.
A seismic verification study has been carried out for Palazzo Galatti, seat of the Provincia di
Trieste. Groundshaking scenarios have been computed for an earthquake with magnitude 6.0 on
the Dinaric transcurrent fault SICS004, contained in the seismic source database DISS3. The
synthetic seismograms obtained in correspondence of Palazzo Galatti have been taken as the
seismic input for the integration of the seismic verifications in accordance with the law. The study
has been developed according to this phases:
a)
b)
c)
d)

Geotechnical characterization
Engineering analysis
Modelling and seismic verification according to OPCM 3274/2003
Addendum to verification: use of scenario seismic action.
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Fig. 15: Scenario for a M=6.0 earthquake. Comparison
between the computed acceleration response spectra and
design spectra NTC08 (black bold line). The synthetic
spectra are computed from the accelerograms generated by
the realistic simulation of the seismic source and wave
propagation, with reference to recorded signals.

A relevant discrepancy has been obtained between the design spectrum given by the Italian
regulation, and the spectrum obtained modeling the ground shaking scenario for the M=6 event
taking into account the local site conditions at the site, as shown in Figure 15.

Staff and Long-Term Visitors (3 months or more)
Consultants
G.F. Panza, Italy
Visiting Scientists
D. Bisignano, Italy
E. Brandmayr, Italy
C. La Mura, Italy
A. Peresan, Italy
F. Romanelli, Italy
F. Vaccari, Italy

Other
F. Gonzalez Matos O’Leary, Cuba, TRIL
H. Hamzehloo, Iran, Regular Associate
M. Maybodian, Iran, IIEES/ICTP Agreement
R. Koohpaee, Iran, IIEES/ICTP Agreement

In addition, there were 10 short-term (less than 3 months) visitors.

Funding
Internal
SAND Research Group, ICTP, €27,000
Workshop on Geophysical Data Analysis & Assimilation (29 October – 3 November 2012)
€25,000

External
Three-year agreement between ICTP and the Civil Defence of the Friuli Venezia Giulia Region
(DGR 1459 dd. 24.6.2009): Development of innovative approaches for the modeling of the Earth
structure and the seismic sources aimed at the definition of time-dependent seismic input by
means of intermediate-term middle-range earthquake prediction in the Friuli Venezia Giulia
Region: €127,500 (€42,500/year). Received on 25 May 2012.
IUGG: €5,000
Protezione Civile Provincia di Trieste: €20,000
OGS: €3,000
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APPLIED PHYSICS

TELECOMMUNICATIONS/ICT
FOR DEVELOPMENT LABORATORY (T/ICT4D)

In September 2011 it was decided to change the name of the Aeronomy and Radiopropagation
Laboratory (ARPL) into Telecommunications/ICT for Development Laboratory (T/ICT4D).
The former Aeronomy Section has been renamed Ionospheric Radiopropagation and the
Radiocommunication Section has been renamed Wireless Communications Section.

IONOSPHERIC RADIOPROPAGATION SECTION
Introduction
Ionospheric Radiopropagation related activities of the laboratory cover ionospheric modeling
studies and 3D and time specification of the electron density in the ionosphere using experimental
data ingestion including radio occultation data.
These studies are also oriented to the ionospheric effects in satellite navigation and positioning
using GPS, the augmentation systems developed or being developed in the USA, Europe, Japan,
China and India and other areas of the world and the future European GALILEO system. Master
and PhD students of the University of Trieste (Italy) and Universidad Complutense de Madrid
(Spain) are being co-supervised and monitored by the Head of the T/ICT4D.
The area of research dealing with the ionosphere of the planet Mars in collaboration with the
Faculty of Physics of the Universidad Complutense de Madrid has continued in this period with
the development of a 3D model of the electron density of the Martian ionosphere.
The ICTP signed in 2009 a Memorandum of Understanding with Boston College of the United
States of America to promote, through ARPL, activities related to satellite navigation science and
technology in Africa. A series of collaborations with research groups in African universities
towards the implementation of joint research activities in this field and a number of Master and
PhD students enrolled in African Universities are being co-supervised by the Head of the
T/ICT4D with the help of other colleagues of the laboratory.
It has to be noted that 10 selected papers co-authored by members of the Ionospheric
Radiopropagation section of T/ICT4D have been cited 54 times during 2012 in the open
literature in papers not authored or co-authored by ARPL scientists (source: ISI Web of
Knowledge).

Research Activities
Ionospheric Model Related Studies
Several activities have been carried out during 2012 related to the electron density ionospheric
model NeQuick 2 developed by the Ionospheric Radiopropagation Section of the T/ICT4D.
• A GNSS related ionospheric simulator based on the NeQuick 2 model has been implemented
by the T/ICT4D, in the framework of a simulation facility developed for the Italian Space
Agency (ASI) and the Italian Air Navigation Services company (ENAV) by Telespazio, the
multinational space services company. For this purpose a data ingestion technique, previously
developed in laboratory based on the adaptation of the NeQuick 2 model to vertical TEC
maps, has been implemented in that simulator. In addition, as a novelty, the same algorithms
developed for the ionospheric simulator have been successfully applied to mitigate the
ionospheric effects in GNSS single frequency positioning calculations. The work described has
been done through a contract with Telespazio.
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• A paper reporting the results has been presented in the first international IEEE-AESS
Conference in Europe about Space and Satellite Telecommunications.
• A web front-end has been developed and released in 2012 to allow retrieving and plotting
ionospheric parameters computed by the latest version of the model NeQuick 2, developed by
the T/ICT4D laboratory (http://t-ict4d.ictp.it/nequick2). Through a simple web interface
users can exploit all the model features including the possibility of computing the electron
density and visualizing the corresponding Total Electron Content (TEC) along any groundto-satellite straight line ray-path. In addition, using the observation and navigation RINEX
files corresponding to a single receiver as input data, the web application allows the user to
compute the slant and/or vertical TEC following the concept of the arc-by-arc” offsets
estimation. The combined use of both tools, freely available from the T/ICT4D web site, will
allow the comparison of experimentally derived slant and vertical TEC with modeled values.
By these tools the laboratory make available a to the international research community an
initial step towards a Virtual Research Laboratory for Ionospheric Research based on the
NeQuick 2 model.

NeQuick 2 ionospheric model web page for on-line calculations

The Ionospheric Radiopropagation Section of the T/ICT4D laboratory continued participating in
the project “MONitoring of Ionosphere by InnovaTive Techniques coordinated Observations and
Resources” (MONITOR) financed by the European Space Agency (ESA). The role of the
laboratory in the project is to implement/validate a technique to provide in near real time a
realistic 3D specification of the ionosphere electron density.
Electron density specification in the equatorial ionosphere has continued as part of the PhD
research work of a student of the Bahir Dar University in Ethiopia and ICTP STEP program
fellow (Melessew Nigussie). This work is done by total electron content data ingestion in the
NeQuick model showing that the technique developed in the laboratory can be used successfully
also in geographical regions ionospherically complex as the equatorial region.

Ionospheric Effects on GNSS Positioning
A series of studies on ionospheric effects on satellite (GNSS) navigation and positioning are being
carried out as part of the co-supervising of PhD students of different European Universities.
A student of the University of Trieste (Claudia Paparini) is working on the comparison of the
European augmentation system EGNOS ionospheric information with experimental data and
Ionospheric Global Maps (IGM) over the Southern part of the European civil aviation ECAC
region. The objective is to estimate the residual position errors due to ionospheric effects when
EGNOS or IGM data are used to correct such effects by comparing the corrected values with
what is obtained using experimental data. A group of available position calculation softwares have
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been tested for this purpose. Preliminary results are going to be presented at the International
Beacon Satellite Symposium to be carried out in 2013.
A student of the University of Zagreb, Croatia, (Josip Vucovic) is working on the comparison of
EGNOS ionospheric data with ionospheric information obtained using NeQuick 2 model assisted
by experimental data following the technique developed in the T/ICT4D Laboratory. The
objective is to estimate the residual position errors due to ionospheric effects when EGNOS or
NeQuick 2 assisted model are used to correct such effects by comparing the corrected values with
what is obtained using experimental data. The study is done for the eastern area of the ECAC
region.
The study of the TEC rate of change possible effect on position at low latitudes done in
collaboration with the Universidad Complutense of Madrid is continuing as part of the PhD
research work of a student (Izarra Rodriguez Bilbao) of that university.
A study on the effect of geomagnetic induced ionospheric storms on satellite positioning over
northern Africa and southern Europe is continuing in collaboration with the Universidad
Complutense of Madrid as part of the research work of a master’s student (Marta Rodríguez
Bouza) of that University.

Equivalent vertical TEC over South America
including a Radio Occultation footprint (the part
of the rays below the low orbiting satellite are
shown in white)

Mars Ionosphere
In collaboration with the Universidad Complutense of Madrid, as part of the PhD thesis work of
Beatriz Sanchez-Cano, modeling efforts to model Mars ionosphere electron density has continued
with the concretition of the NeMars model. The results have been sent for publication. In the
same framework a critical analysis of existing techniques to obtain total electron content (TEC)
data of the ionosphere of Mars is being carried out and an improved technique is being
investigated.

Contribution Agreement EC-ICTP
An important European Commission (EC) Contribution Agreement with ICTP has been signed
in December 2012 in order to carry out the project: “Introduction of GNSS/EGNOS in Africa:
Training and Preliminary Backbone Infrastructure Development” (TREGA). The aim of the
TREGA project is to provide technical assistance, capacity building and provision and use of test
equipment for the implementation of GNSS/EGNOS in Sub-Saharan Africa. This project is under
the responsibility of the T/ICT4D Laboratory. The EC has stated that “The Aeronomy and
Radiopropagation Laboratory of ICTP (former name of the T/ICT4D laboratory) has a long-
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standing experience in training in the field of GNSS” and also that “The specific knowledge of the
institute (ICTP), and its experience in training people from developing countries, put this
organization in a unique position for the participation in the project.”

ALCANTARA Initiative by ESA
The European Space Agency (ESA) has a new initiative called “ALCANTARA: Ionospheric
Ground Based Monitoring Network in Low Latitude Regions”. By contract ESA has assigned to
the ICTP, though the T/ICT4D laboratory, a Competence Survey of African Ionospheric
Observations and Research in the framework of the ALCANTARA initiative. This survey is done
in order to improve the understanding, characterization, monitoring and forecasting of the
ionosphere in Equatorial Africa in order to benefit users from Global Navigation Satellite
Services, Satellite Telecommunications, scientific research and other applications.

Training and Teaching Activities
S.M. Radicella has continued co-supervising two STEP program PhD students from Nigeria and
Ethiopia with the collaboration of B. Nava and two Master students from Uganda.
B. Nava and S.M. Radicella have continued supervising a student (Mubasshir Shaikh) from the
Politecnico di Torino under a placement in the framework of the EC (FP7) project TRANSMIT.
S.M. Radicella, B. Nava and Y. Migoya-Orué gave lectures during the Workshop on Science
Applications of GNSS in Developing Countries, followed by the Seminar on Development and
Use of the Ionospheric NeQuick Model, Trieste, 11 April to 1st May 2012.
S.M. Radicella was invited to give a series of seminars on ionosphere modelling at the China
Research Institute of Radiopropagation, Qingdao, China, 29 August-4 September 2012.
B. Nava was invited to lecture at the Ph.D. School in Electronic and Communication Engineering
of the Electronic and Telecommunications Department of Politecnico di Torino, 25 June – 9 July,
2012, Torino, Italy.

Participation in International Programmes
Advanced Modular Incoherent Scatter Radar (AMISR) in Africa Workshop, Boston, USA, 1-3
March 2012 (special invitation to S. M. Radicella).

WIRELESS COMMUNICATIONS SECTION
Introduction
As in previous years activities in information technologies and wireless communications related
topics covered in-house training and capacity building and in-site activities linked essentially to
the use of radio systems in information and communication technologies for developing countries.
Research and application activities in the area of “wireless sensors” are continuing to transfer this
new technology to developing countries. The “Guglielmo Marconi ICT Wireless Laboratory”
inaugurated in 2010 host training and research activities of the Section.
The collaboration with the Istituto Scienze del Mare (CNR) for the establishment and control of a
long distance wireless link between Venice and CNR measurement site in Adriatic Sea has
continued during all 2012.
Training activities of the section have been intensified during 2012 as will be described below.

94

ICTP Full Technical Report 2012

Participant of the ICTP-IAEA-BATN Workshop on
Wireless Sensor Networks for Radiation Monitoring
holding a Wireless Sensor node for Radiation Monitoring

The UNESCO Programme
The Laboratory continued carrying out part of the ICTP program financed with Italian funds-intrust with UNESCO. Under this program ARPL has developed, in particular, the “Wireless
Training Kit” (WTK) described in the previous year report of activities. In the framework of the
same program training activities and research on Wireless Networking, Long Distance Wireless
Links and Wireless Sensor Networks have been carried out.

ITU/BDT Supported Project
The project called “Strengthening Training Capacity in Wireless networking in Africa” approved
and financed by the ITU/BDT is being carried out under the responsibility of the T/ICT4D
laboratory. This project should contribute concretely to develop networks of expertise by
transferring low-cost wireless technology know-how to African training and/or educational
institutions, by mentoring students and sharing knowledge. A basic element of the project has
been the use of the WTK developed at the T/ICT4D. The core group of trainers trained in the
first phase of the project during 2011 have been in charge of the training that was delivered
successfully in Rwanda and Senegal in January 2012 with the assistance of members of ICTP.

European Commission FP7 Project QWeCI
In the framework of the QWeCI project, members of the section have assisted the colleagues from
University of Malawi in carrying out their participation in the project.

Research Activities
In 2012 research activities were focused on the following topics:
1. White spaces identification and visualization. The switchover to digital television frees up
large areas between about 50 MHz and 700 MHz. This is because digital transmissions can be
packed into adjacent channels, while analog ones cannot. This means that the band can be
“compressed” into fewer channels, while still allowing for more transmissions, creating what
are called white spaces in the radio spectrum. It is widely recognized that white spaces
identiﬁcation is an important milestone for the wide deployment of next generation cognitive
wireless networks. Building upon cheap hardware equipment, the T/ICT4D section has
developed a technique to sense the environment and ﬁnd out which frequencies are not being
used in a particular place and time-of-the-day. This technique has been demonstrated valid and
has been used by other research groups (e.g., in Malawi).
2. Ubiquitous Sensor Networking for Development (USN4D). Research carried out in previous
years on the use of Wireless Sensor Networks for Development was continued developing an
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application to use this technology for Precision Agriculture in Africa. By using low cost
devices and keeping into account the local conditions (unreliable power supply, for example),
an appropriate solution has been identified.
3. From Training to Projects: Wireless Sensor Networks. Following several workshops in
Africa, in Latin America and at ICTP we analyzed what is the best format when training
scientists and engineers in Wireless Sensor Networks. In particular, we examined the cases
when our training activities brought to successful projects.

Professor Ermanno Pietrosemoli lecturing at the
Wireless Networking Workshop at University of Guam.

Training and Teaching Activities
Atelier sur les Reseaux Hertziens pour les noeuds de Centres d’excellence et les Centres de
Formation a l’Internet en Afrique. January 16-27, Dakar, Senegal. (Marco Zennaro and Antoine
Bagula [ICTP Associate]).
Workshop on Wireless Networking for Centres of Excellence Nodes and Internet Training
Centres in Africa. January 16-27, Kigali, Rwanda. (Carlo Fonda and Ermanno Pietrosemoli).
ICTP-ITU/BDT School on Sustainable Wireless ICT Solutions for Environmental Monitoring.
February 6-24, ICTP. (Carlo Fonda, Ermanno Pietrosemoli and Marco Zennaro).

Participants at the ICTP-ITU/BDT School on Sustainable Wireless ICT Solutions for Environmental Monitoring
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Wireless Networking Workshop for the African Adaptation Programme. June 12-16, Maseru,
Lesotho. (Carlo Fonda, Ermanno Pietrosemoli and Marco Zennaro).
Wireless Networking at University of Guam and Wireless Deployment in Chuuk. July 28 August 10. Guam, USA and Chuuk, Federated State of Micronesia . (Ermanno Pietrosemoli and
Marco Zennaro).
ICTP-UNDP Wireless Training Workshop for Africa Adaptation Programme. August 27 September 7, ICTP. (Carlo Fonda, Ermanno Pietrosemoli and Marco Zennaro).

Group photo of the Atelier sur les Reseaux Hertziens pour les noeuds de Centres d’excellence
et les Centres de Formation a l’Internet en Afrique, Dakar, Senegal

ICTP-IAEA-BATAN Workshop on Wireless Sensor Networks for Radiation Monitoring.
October 1-5, Jakarta, Indonesia (Marco Zennaro).
Taller sobre Tecnologías de Redes Internet para America Latina y el Caribe. October 15-19,
Panama City, Panama. (Ermanno Pietrosemoli and Marco Zennaro).

Participation in International Meetings
ITU Study Group Meetings. March 15-21. Sendai and Tokyo, Japan. (Marco Zennaro).
World Summit of Information Society (WSIS Forum 2012). May 14-18, Geneva, Switzerland
(Ermanno Pietrosemoli).
Internet of Things week. June 18-21. Venice, Italy. (Marco Zennaro).
The 8th IEEE International Conference on Wireless and Mobile Computing, Networking and
Communications (WiMob 2012). October 8-10. Barcelona, Spain. (Ermanno Pietrosemoli).
IEEE Global Humanitarian Technology Conference 2012. October 21-24, Seattle, USA
(Ermanno Pietrosemoli and Marco Zennaro).
4th Global Information Infrastructure and Networking Symposium. December 17-19, Choroni,
Venezuela. (Ermanno Pietrosemoli).
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Funding
Ionospheric Radiopropagation activities, ICTP Regular Funds, €10,000
Ionospheric Radiopropagation activities, Other institutions, €50,000
Wireless Communications, ICTP Regular Funds, €61,000
Wireless Communications, Other Institutions, €120,000
Italian funds-in-trust with UNESCO, €100,000

Staff and Long-Term Visitors (3 months or more)
Researchers
B. Nava, Italy
M. Zennaro, Italy
C. Fonda, Italy

Visiting Scientists
Bolaji Segun, Nigeria (STEP programme)
Melessew Nigussie, Ethiopia (STEP programme)
Katy Alazo Cuartas, Cuba

Consultants
S.M. Radicella, Italy/Argentina (Head of T/ICT4D)
Y.O. Migoya Orué, Argentina
E. Pietrosemoli, Venezuela
L. Ciraolo, Italy (since 1 November 2012)
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APPLIED PHYSICS

PHYSICS OF THE LIVING STATE

ASTROBIOLOGY
Introduction
Astrobiology is new science overlaps both the space sciences, as well as the life sciences. Indeed, it
is concerned with the study of the origin and evolution of life in the universe (life sciences), as
well as with the distribution and destiny of life in the universe (space sciences). The combined
efforts of Abdus Salam, Cyril Ponnamperuma and the present promoter of astrobiology
established this field at the ICTP in 1991. Research, seminars and conferences in bioastronomy
have attracted and continue to attract scientists to the Centre.

Research Activities
Research in the Applied Physics Section has so far has been restricted to the satellites—moons—
of the Solar System. Preliminary work on the Moon was published in 2012 (Smith et al., 2012;
Chela-Flores, 2012a). Our Moon has played a crucial role in the emergence of terrestrial
habitability by stabilizing the Earth axis of rotation in the same direction (cf., Fig. 1), leading to
less climatic change than if the Earth lacked a satellite. The emergence of more complex multicellular organisms (De Vladar and Chela-Flores, 2012) has been favored compared to a planet
where drastic climatic change would allow only small, organisms to survive. The existence of
multiple forms of extremophilic microorganisms serve as a model for the life that may emerge in
an extraterrestrial environment (Seckbach and Chela-Flores, 2012).

Fig. 1: The far side of the Moon. Image: courtesy NASA
from their Lunar Reconnaissance Orbiter Image.

Two important questions were discussed that intersect the natural sciences and the humanities:
firstly, what are the implications of a search for the emergence of biological complexity elsewhere
in the universe, the SETI Project (cf., Fig. 2) (Chela-Flores, 2012b), including intelligence, and
secondly, what are the implications of its discovery of such a phenomenon.
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Fig. 2: Frank Drake during his participation in the
Fifth Trieste Conference in 1997. He pioneered the
search for extraterrestrial intelligence (SETI) since the
1960s (Aretxaga-Burgos and Chela-Flores, 2012).

In addition, even our earlier work profited from the remarkable discovery of several oceans on the
icy moons of the Outer Solar System, especially on Europa (cf., Fig. 3). The knowledge we are
gathering from the moons of our solar system will in turn serve to understand the role of exomoons in the emergence of life habitable environments—Kepler worlds—in other solar systems.

Fig. 3: The earlier hydrobot-cryobot proposal for directly
probing Europa’s ocean, Horvath, J., Carsey, F., Cutts, J.
Jones, J. Johnson, E. Landry, B., Lane, L., Lynch, G.,
Chela-Flores, J., Jeng, T-W and Bradley, A. (1997).
Searching for ice and ocean biogenic activity on Europa
and Earth. Instruments, Methods and Missions for
Investigation of Extraterrestrial Microorganisms, (R.B.
Hoover, ed.), Proc. SPIE, 3111, pp. 490-500,
http://www.ictp.it/~chelaf/searching_for_ice.html.
Image credit: NASA Jet Propulsion Laboratory.

Even though we were profoundly attracted to this technology in our earlier paper, we no longer
consider it to be realistic, due to the limited budgets to which all the space agencies are
constrained. The discovery of surficial biosignatures would offer a viable alternative that has
already been successfully published in specialized literature during the years 2006-2011 (Dudeja,
Bhattacherjee and Chela-Flores, 2012) and remains a possible option for future missions.
What we are learning about the moons of our own outer Solar System, and will learn in the
foreseeable future with the European Space Agency Jupiter Icy Moons Explorer, or JUICE
Mission (cf., Fig. 4b), will be relevant in the present more comprehensive enquiry that was
possible by exploring the Jovian System with the Galileo Mission (cf., Fig. 4a). Instrumentation
and payload issues still remain a strong constraint (Chela-Flores, 2012a).
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(a)

(b)

Figure 4: (a) The Galileo Mission (1995-2003) was of fundamental relevance for our understanding of the Jovian
System, including the satellite Io (in the image) and the three icy moons, Europa, Ganymede and Callisto. Conditions
for the possible habitability of Europa was its major success. (b) The proposed baseline of the Jupiter Icy Moons
Explorer, JUICE (ESA) is illustrated in Fig. 4b, with launching expected in 2022. It consists of one primary flight
element: the Jupiter Ganymede Orbiter (JGO) that will execute a choreographed exploration of the Jupiter System
before settling into orbit around Ganymede. Images: courtesy NASA and ESA, respectively.

Training Activities
Supervision of Associate M embers of ICTP and Committee for the Selection of Associate
M embers
For the Program of Physics of the Living State of the ICTP (Astrobiology, Biophysics and
Neurophysics) there was a review of all the applications of candidates in the various Association
Schemes of the ICTP (Junior, Regular and Senior) in the areas of astrobiology, biophysics and
neurophysics.

Participation in International Programmes
Closing Lecture of The International Doctorate Network in Particle Physics, Astrophysics and
Cosmology (University of Udine, 23 January - 3 February 2012). Invitation by Professor
Alessandro de Angelis. Lecture: “The search for extraterrestrial life in our solar system: The role
of particle physics and space sciences in one of astrobiology’s major objectives”.
Team Member of a preliminary proposal for a mission to Europa and the Jupiter system, entitled
Laplace. The original LAPLACE proposal was elaborated and supported by a team of 359
scientists from 15 countries. In February 2009, NASA and ESA took a funding decision in favor
of a Jupiter mission “the Europa-Jupiter System Mission” (EJSM) based on our original Laplace
proposal. The current plans have been transferred to the JUICE Mission that draws from the
heritage of the above earlier Jovian missions.

Participation in International Meetings
Chela Flores, J. (2012). Landing on the Moon’s far side: What are the geochemistry, astrobiology
and instrumental issues? European Geophysical Union (EGU 2012). Geophysical Research Abstracts
Vol. 14, General Assembly 2012, Vienna, Austria, 25 April.
http://wwwictp.it/~chelaf/3Abstract_EGU12.pdf
Organization of scientific events
Instruments, Methods, and Missions for Astrobiology XV, 12-16 August 2012, San Diego
Convention Center, San Diego, CA, United States. Conference Chairs: Richard B. Hoover, NASA
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Marshall Space Flight Ctr. (United States); Gilbert V. Levin, Arizona State University (United
States); Alexei Y. Rozanov, Paleontological Institute (Russian Federation) and Paul C. W. Davies,
Arizona State University. (United States). Member of the Scientific Organizing Committee.
First Cuban Conference on Planetary Science and Astrobiology, November 4th-9th, 2013.
Venues: Universidad Central ‘‘Marta Abreu’’ de Las Villas (Santa Clara) and Centre for Research
of Coastal Ecosystems (Cayo Coco). Cuba. Local Organizers: Rolando Cardenas, Reinaldo Rojas,
Adan Zuñiga and Vicente Berovides. Member of the International Advisory Board
Third International Workshop on “Chemical Evolution and Origin of Life. Indian Institute of
Technology, Roorkee. March 21-23, 2013. Organizer: Professor Kamaluddin. Member of the
International Advisory Committee.
M ember of editorial board
Member of the editorial board of the book series on “Cellular Origin and Life in Extreme Habitats
and Astrobiology” (Springer/World Scientific Publishers).
Reviewer
The International Journal of Astrobiology
Astrobiology Journal

Services
Within ICTP
Adjunct to the Office of External Activities of the ICTP
Revision of all the work done by the OEA during the period 2010-2012.
(a) Preparation of the 2012 Annual Report.
(b) Preparation of a 5-year review (2007-2011) of the Office activities in addition with the
following:
(c) The African Region: A 5-year report for the period 2007-2011.
(d) The Asian Region: A 5-year report for the period 2007-2011.
(e) The Latin American Region: A 5-year report for the period 2007-2011.
Collaboration with iTunes U
Chela-Flores, J. (2012). Production of two new videos for the ICTP iTunesU of ICTP. These
videos are a Multimedia Section of the ICTP in English and in Spanish. They correspond to the
section Collezioni più cercate (http://itunes.ictp.tv/): “3,8 miliardi di anni fa: dalle macchie sulla
terra alle macchie nel cielo”, which was a 2011 seven minute film with the Italian text written in
collaboration with Cristina Serra. In December 2012, the English video joined the 2011 video into
the section Collezioni più cercate.
Seminar podcast
A Model of the Mars Ionosphere. Beatriz Sánchez–Cano. Department of Physics of the Earth,
Astronomy and Astrophysics I, Faculty of Physics, Universidad Complutense de Madrid, Spain.
Wednesday, 22 February 2012. Podcast: http://www.ictp.it/~chelaf/sanchezcano.html
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Outside ICTP
Science Communication
Chela-Flores, J. (2012a). Europa «Vita sul satellite di Giove». La Vita Cattolica (weekly). Section
Cultura, 9 February, p. 13. Interview by Stefano Damiani.
http://www.ictp.it/~chelaf/VITCAT_Europa.pdf
Chela-Flores, J. (2012b). Sonda Curiosity/Chela-Flores: altro che Marte, la vita la cerchiamo su
Europa. 7 August 2012. http://www.ictp.it/~chelaf/SONDA%20CURIOSITY.pdf
Chela-Flores, J. (2012c). Su Marte un grande passo avanti nella ricerca della vita. Il Sussidiario 28
Novembre 2012. http://www.ictp.it/~chelaf/SONDA_CURIOSITY_grande_passo.pdf

Staff and Long-Term Visitors
Staff Associate
Julian Chela-Flores, Venezuela

BIOPHYSICS
Introduction
Biophysics has always been the subject of genuine interest for an appreciable number of ICTP
scientists that belong to the Associate Member Program, an area of interest at the ICTP whose
activities go back to 1980. However, there is a recent additional extension of the traditional focus
on biophysics at the ICTP life sciences program. The Centre has imprinted a robust growth in
computational systems biology, through its quadrennial 2010-2014 ICTP Strategic Plan.
http://www.ictp.it/~chelaf/strategic_plan.pdf

Research Activities
The root of the quantitative analysis in the life sciences (before the advent of approaching the
study of systems from a holistic point of view) goes back even before the emergence of molecular
biology. A microscopic approach to biology was due to the strong influence of other physical
methods starting with crystallography. An additional reason for the present widespread reemergence of quantitative biology is partly due to advanced physical techniques that have allowed
the systematic study of all the main macromolecules of life (Fig. 1): proteins, nucleic acids such as
DNA and RNA, and the molecules of the cell membrane, especially phospholipids that make up its
corresponding bilipid layer. Today, both their origin and their structure are within reach of
scientific research, since astrobiology has made significant progress in relation with the origin of
the molecules of life, and computational biology, especially systems biology, has also made
considerable progress in data collection, storage and analysis.

Fig. 1: The molecules of life, proteins, nucleic acids and
phospholipids, their origin and structure are topics that
are of current interest of the Applied Physics Programme
of Physics of the Living State. Credit: NASA / Jenny
Mottar
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Computational systems biology attempts to produce a more holistic understanding of biology.
This approach aims to construct a network of interacting processes that can be related to the
information sciences.
In a closely connected development, the widespread re-emergence of a systems biology approach
was also due to the availability of computers that facilitated both the acquisition of large data
banks in genes, proteins and metabolism. It has not been possible to encompass all areas of
biology., but one of its sub-fields, astrobiology has been especially of interest during 2012 (see
publications list).This effort has been possible due an achievement in instrumentation: Kepler
Mission in heliocentric orbit has the capability of scanning some 150,000 stars in the local
neighborhood of our galaxy in the search of extrasolar Earth-like habitable worlds (cf., Fig. 2).

Fig. 2: The Kepler mission is a NASA space observatory in heliocentric orbit trailing the Earth. This is a major
instrument in the search for possible habitats where life could prosper in terrestrial-like planets. These exoplanets can
be discovered by looking for a periodic dimming in stellar brightness, caused by a planet passing in front of a star
Image: courtesy NASA.

Geophysical data, rather than data banks of biological information, will provide a gradual
emergence of the living phenomenon. Subsequently, with better missions and with improved
instrumentation, this identification of life as a complex cosmic system can be extended from a
sector of our galaxy. It will be at this level that the repertoire of methods of computational
systems biology will be necessary.
As suggested in a systems astro-biological approach, the new batch of Kepler data will be
particularly relevant for adding yet another factor in defining habitability (Chela-Flores, 2012, in
press) and eventually defining life itself. We will be able to discriminate Kepler worlds that have
more favourable options for habitability. The distribution of systems of habitable worlds with
their biomarkers will be testable in the short term with forthcoming space missions such as the
Fast INfrared Exoplanet Spectroscopy Survey Explorer (FINNESSE) with launching expected in
2016.
We have suggested a way to anticipate, organize and interpret the data that is provided by
Kepler, as well as the data that is to come in the post-Kepler era. This, in turn, would justify
subsequent use of the more powerful methods from the repertoire of quantitative systems biology.

Training Activities
Review
All the candidates in the various Association Schemes of the ICTP (Junior, Regular or Senior) in
the area of biophysics.
Selection and supervision of Associate M embers in Biophysics
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Currently, there are 16 Associate Members in Biophysics & Systems Biology. Out of this group
the following participated actively in this area of research.
Junior Associate
Lusine Aloyan’s research is on Biopolymer-ligand interaction, structure and thermostability of
biopolymer-ligand complexes. She is at Molecular Physics Department, Faculty of Physics,
Yerevan State University, Yerevan, Armenia.
Regular Associates
Michael Gromiha’s field of expertise is protein structure, function, folding and stability;
recognition mechanism. He works at the Department of Biotechnology, Indian Institute of
Technology, Madras, India. Dr. Gromiha is the author of “Protein Bioinformatics: From Sequence
to Function” Elsevier Publishers.
Ganiyu Oboh’s research concerns the structure-function relationship of polyphenols from some
tropical plant foods. He works at Biochemistry Department, Federal University of Technology,
Akure, Nigeria. He is a Regular Associate. His Applied Physics seminar was scheduled for 12
September 2012: “Inhibitors of Key Enzymes Linked with Some Degenerative Diseases”. A
podcast of an earlier related seminar is available at http://www.ictp.it/~chelaf/ss296.html):
Moises Santillan has as a field of expertise computational systems biology, mathematical
modeling of the gene, regulatory networks. He works at the Centro de Investigación y de
Estudios Avanzados del IPN, Unidad Monterrey, Apocada NL, Mexico. On 25 October 2012 he
delivered the seminar: “A Systems Biology Approach to Thermodynamical Optimization in E.
coli”. The podcast of this seminar is available at http://www.ictp.it/~chelaf/Santillan.html
Senior Associate
Afolabi Akintunde Akindahunsi’s topic of research is isolation and characterization of mammalian
proteins interacting with telomeric-type repetive DNA; bioinformatic analysis of genome, mRNA
and protein sequences for hnRNP proteins. He works at the Biochemistry Department Federal
University of Technology, Akure, Nigeria.

Participation in International Programmes
M eetings
Chela-Flores, J. (2012). Systems biology and fluid mechanics for understanding the cosmic
distribution of life. A plenary video-conference at the First National Meeting of Fluid Mechanics
(FLUIDOS2012). 5-9 November, 2012 in Margarita Island, Bolivarian Republic of Venezuela.

Services
Within ICTP
Coordination of Seminars on Physics of the Living State (Biophysics, including Systems
Biology)
“Photodynamic therapy for skin cancer treatment”. Humberto Cabrera, Applied Optics
Laboratory, Venezuelan Institute for Scientific Research IVIC, Mérida, Bolivarian Republic of
Venezuela, 15 March 2012.
“The physics of paleo-dentistry: Discovery of a tooth filling during the stone age”. Federico
Bernardini and Claudio Tuniz, Multidisciplinary Laboratory, Applied Physics Section, 3 October
2012.

Funding
Conclusion of a project financed by the Region of Friuli Venezia-Giulia “Con Darwin in un
percorso ipertestuale dall’economia alle scienze naturali”. Coordinator Giacomo Borruso.
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Collaborating scientists: Nevio Pugliese, Claudio Tuniz, Gianguido Salvi and Julian Chela-Flores.
Collaborating Institutes: Museo Nazionale dell’Antartide - Sezione di Trieste, Dipartimento di
Scienze Geologiche, Ambientali e Marine dell’Università di Trieste, and ICTP.

Staff and Long-Term Visitors (3 months or more)
Staff Associate
Julian Chela-Flores, Venezuela

NEUROPHYSICS
Introduction
Neuroscientists focus on the brain, psychologists on the mind. In this area, physicists have
approached computational aspects of neuron interactions. The hope has been of building
computational models of biologically plausible artificial neural networks that can mimic certain
aspects of the brain. The recent advances in determining the structure of molecules has given
molecular biology a central role in the progress of molecular neuroscience. This is exemplified by
the structure of the neurotransmitter-gated ion-channel transmembrane region.
Neurophysics has been developed at ICTP through a series of colleges and symposia in
collaboration with other institutes, in which many participants from developing countries and
industrialized nations have been brought up to date in their areas of expertise. It was also possible
to consider this subject in the broader context of neuronal structure and function, as well as
addressing important issues of perception, learning, memory and their computational aspects by
the assumption of simplified models.
Some aspects of neurophysics are closely connected with the objectives of the Biophysics
Programme of Physics of the Living State. One example is provided by the epoch-making
contributions of Alan Lloyd Hodgkin and Andrew Huxley (HH, cf., Fig. 1), a mathematical model
that describes how action potentials in neurons are initiated and propagated. The HH
quantitative model is a set of nonlinear ordinary differential equations that approximates the
electrical characteristics of excitable cells especially, but not exclusively, those of the nervous
system.

Fig. 1: Alan Lloyd Hodgkin (left) and Andrew Huxley (right), Nobel Laureates and authors of quantitative model
that approximates the electrical characteristics of excitable cells of the nervous system, but not exclusively. Credits:
Wikipedia.
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Research Activities
The activities of research and development are implemented by our Associate Members in the
following areas: the dynamics and function of cellular signaling pathways and cerebral cortex,
functional magnetic resonance imaging, biophysical models, image fusion, image-guided
neurosurgery and computational neurosciences.

Training Activities
Selection and Supervision of Associate M embers of ICTP
The review of all the candidates in the various Association Schemes of the ICTP (Junior, Regular,
or Senior) in the area of neurophysics.

Staff and Long-Term Visitors (3 months or more)
Staff Associate
Julian Chela-Flores, Venezuela
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APPLIED PHYSICS

MEDICAL PHYSICS

The activities of the ICTP in the field of Medical Physics in the year 2012 covered the following
programmes.

Training Activities
Three training activities took place
1) College on Medical Physics, 10 -28 September. Participated by 55 scientists from 38 countries
and devoted, as usual, mainly to Imaging and Radioprotection. Moreover, for the first time in
the College, and through the agreement between the ICTP and the Trieste Hospital, practicals
were organized at the hospital.
2) Joint ICTP-IAEA Training in Radiation Protection for Patients, 1 -5 October. Participated by
50 scientists from 30 countries. The participation of several cost-free scientists from Arab
countries should be noticed.
3) Joint ICTP-IAEA International Training Workshop on Transitioning from 2D to 3D
Conformal Radiotherapy and Intensity Modulated Radiation Therapy, 10-14 December.
Participated by 28 scientists from 19 countries.
For this last workshop, the level of the teaching faculty has been exceptionally high. It has
been suggested that in future a high-level conference should be organized in conjunction with
similar workshops, taking advantage of the presence of top-level scientists.
Again, for both the joint ICTP-IAEA workshops, essential components were the practicals,
taking place at the Trieste Hospital.
Moreover, from 7 -9 May, the ICTP has hosted the 5th Alpe-Adria Medical Physics Meeting and
EFOMP Meeting

Visits of Associate Members
In 2012, the following 8 Associate members in the field of Medical Physics visited the ICTP:
Adhikari Kanchan Prasad, Nepal
Bentayeb Farida, Morocco
Cahyadi Lina, Indonesia
Diaz Barreto Marlenin, Cuba
Kom Guillaume Honore, Cameroon
Paraguay Villa Yazmyn Lizette, Peru
Rodrigues Barroso Regina, Brazil
Yacob Mamo Alemiye, Ethiopia.
They all carried out measurements at the Trieste and Udine Hospitals and/or the ELETTRA
Synchrotron Light Laboratory
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TRIL (Training and Research In Italian Laboratories)
In the framework of this programme, the following 3 scientists were trained in the indicated
institute:
UZUNOV Nikolay, Bulgaria: Laboratori Nazionali di Legnaro
DENEPUDI Venkateswara Rao, India: Università di Sassari
HERRASSI Mohamed Yassine, Morocco: Ospedale di Udine

IAEA Fellowships Training and Scientific Visits Programme In Italy
In the framework of this programme, supported by the IAEA, the following 4 scientists have been
trained in the indicated institute:
Khelifa Amel, Algeria: Ospedale S. Orsola, Bologna
Hegazy Ahmed, Egypt: Isof-Cnr, Bologna
Deghiedy Noha Mohamed, Egypt: Università Di Palermo
Haile Techlemichael Mulugeta, Eritrea: Fondazione IRCCS, Milano.

Cooperation Research Project Cuba-Elettra-University of TriesteTrieste Hospital
During 2012, an extensive project of mammography measurements using both standard detectors
and phase contrast techniques were carried out with the participation of Cuban scientists
(coordinated by Dr. Marlen Perez Diaz) and Trieste scientists (coordinated by Dr. Luigi Rigon).
In the framework of this project, data was gathered during the Summer 2012, with the
participation of the Cuban Associate member Dr. Marlen Perez Diaz. The data collected will be
analyzed in Cuba in the year 2013.

Project for a Master’s Course in Medical Physics at ICTP
There is a worldwide shortage of clinical medical physics professionals. The safe and effective
implementation of technology in imaging medical physics, therapeutic medical physics and
medical radiation dosimetry requires oversight and support from expert medical physicists.
ICTP, in cooperation with Trieste University and the IAEA, is planning a master course in
Medical Physics, of a two-year duration.
The master course will consist of a first year of lectures with some practicals, to take place in
Trieste at ICTP and in the local hospitals, plus a second year of resident practical training at a
hospital. After the two years, a formal master’s degree would be awarded from Trieste
University. An agreement to formalize this master course is underway with Trieste University.
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APPLIED PHYSICS

FLUID DYNAMICS

Introduction
The ICTP Fluid Dynamics Laboratory is a world-class
research facility whose activities range from quantum to
classical fluid flows and whose centrepiece is an apparatus
utilizing helium gas near absolute zero. This apparatus is
capable of producing extreme values of the control
parameters characterizing controlled buoyancy-driven
turbulence. Operating near the critical point of helium, it
provides high-resolution data for fundamental studies of
turbulent fluid dynamics.

The ICTP cryogenic convection apparatus, shown with Marcelline
Essoun, a STEP student from Benin who completed her PhD degree
in 2011 with J. Niemela, working on analytical models of rotating
turbulent convection.

Research Activities
From its position atop a rotating platform, ICTP’s turbulent convection experiment provides data
applicable to large-scale natural phenomena like atmospheric and solar convection in a range of
control parameters not possible elsewhere. Recent experiments have taken particular advantage
of the possibility to apply more realistic boundary conditions, particularly the more twodimensional aspect ratios characteristic of natural extended systems. Taking rotating convection
to the limits has shown that the enhancement of convection with rotation at moderately high
Rayleigh numbers obtained with conventional apparatus essentially vanishes at higher Ra and
even changes sign. Since the range of parameters is not available to fully resolved numerical
simulations, the experiment provides important input for guiding thinking about common
turbulent flows in nature. Further, work in 2012 has centered on the nature of so-called “eddy
diffusivity” in fully developed turbulent flow. Apart from advantageous properties of cryogenic
helium that enable us to attain high Reynolds and Rayleigh numbers, the vanishingly small
thermal mass of metals at low temperature with respect to the helium gas they contain enabled
experiments that directly probe the nature of turbulent diffusion in a thermal flow for the first
time (Physica Scripta, in press). This has led to a collaboration with R. Ecke, Director of the
Center for Nonlinear Studies at Los Alamos National Laboratory in the United States, who came
to Trieste to help set up new experiments to be carried out in 2013. He will return late in 2013 to
participate in those measurements.
In 2012, the laboratory competed successfully in an FP7 Framework proposal to form a
consortium entitled “European High Performance Infrastructures in Turbulence” (EUHIT). The
consortium includes 25 research institutes and 2 industrial partners from 10 European countries.
Funding will begin in 2013 and the laboratory will become a transnational access facility within
the consortium.
Finally, two new graduate students were accepted into the turbulence activities at the laboratory:
Najmeh Foroozani from Shiraz University in Tehran joined as part of the joint ICTP-University
of Trieste doctoral program and Hannan Affum from the Ghana Atomic Energy Commission,
was accepted as a STEP student. Both will mainly work on Large Eddy Simulations jointly
supervised with Vincenzo Armenio of the University of Trieste.
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Recently, the laboratory underwent some transformations, adding analogue gravity experiments.
Analogue (fluid) models of gravity provide an experimentally accessible system to study aspects
of a superradiance process (Penrose effect) and these fluid dynamical experiments provide a
connection between the Applied Physics Laboratory at Elettra and the Astrophysics group at
SISSA.
Analogue models of gravity provide not only a theoretical but also an experimental setup to
verify kinematical predictions of quantum field theory in curved spacetimes. For example, the first
model, proposed by Unruh in 1981, is based on the fact that sound waves propagating on an
inviscid and irrotational fluid flow satisfy a Klein-Gordon equation in an effective curved
background. If the velocity of the fluid exceeds the velocity of sound at some closed surface, a
dumb hole, i.e., an analogue of a black hole, forms. The presence of effective horizons open the
possibility to experimentally explore the black hole evaporation process, i.e., the Hawking
radiation.
Our first scientific goal is the experimental verification of superradiance wave scattering, where
the incident waves are amplified after being reflected from an analogue rotational black hole. We
will focus on surface waves on stationary draining water, which is an analogue gravity system of
a rotating black hole. An apparatus was designed with collaboration of the Elettra design and
drafting team and was delivered last December 2012. It is pictured below in the initial phase of
setup. The team consists of Silke Weinfurtner, Angus Prain, and Stefano Liberati from SISSA,
Joseph Niemela from ICTP, and two external experts Jason Penner (UK) and Mauricio Richartz
(Brazil). Matt Penrice has was accepted into the joint University of Trieste/ICTP Doctoral
school on Environmental Fluid Mechanics and has joined the research team at the laboratory.

New draining vortex flume delivered in late 2012 to the ICTP Applied Physics laboratory at Elettra to be used for
the analog gravity experiments. It is shown here in the initial stages of setup after delivery.
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ANCHOR OPTICS RESEARCH (AOR) PROGRAM

The program is a collaboration between the international Society for Optics and Photonics
(SPIE), ICTP and INFN.
The research activities are presently centered in collaborating laboratories in the INFN and
Elettra Sincrotrone Trieste. The purpose of the research, which is co-funded by the International
Society for Optics and Photonics (SPIE) is to use high power, narrow line-width mid-IR laser
light for both spectroscopy and for accurate measurements of the proton charge radius, based on
resolving hyperfine splitting in muonic hydrogen. The two methods being investigated are the
use of a quantum cascade laser (QCL) which is tunable in the mid-it range, and difference
frequency generation (DFG), taking advantage of improvements in nonlinear crystals.
The laboratory activities have involved researchers from Italy (ICTP, INFN, Sincrotrone Trieste
S.C.p.A.), Bulgaria, Togo, Ghana and India. Researchers from developing countries were
supported through STEP (sandwich training) program, the TRIL (Training and Research in
Italian Laboratories) program, and ICTP’s Associates program.
Elettra joined as a partner to the Quantum Cascade Laser project in 2012, making available
resource and personnel from the laser laboratory.
In addition, a new activity in Applications of Optical Tweezers was added in October 2012 under
the umbrella of the AOR program. This brings a new partner—IOM-CNR—to the AOR.
Presently, we have a STEP student from Senegal for three years working in this area.

A. Quantum Cascade Laser (QCL) Project
Researchers/students involved are A. Vacchi (INFN), J. Niemela (ICTP), R. Ramponi (MilanoPolytechnic), D. Bakalov (INFN), M. Danailov (ST- ICTP), L. Stoychev (ICTP - SPIE), B.
Anderson, (ICTP – Ghana), K. Gadedjisso-Tossou (ICTP - Togo) , M. Dzagli (ICTP - Togo) , S.
Kumar (ICTP - India).
STEP students: M. Dzagli (Togo, successfully defended thesis) and K. Tossou (Togo, in 3rd
year).
TRIL Fellows: S. Kumar (India)
Associates: B. Andersen (Ghana)
See a list of publications in the relevant section.
Presentations at International Conferences
ECT Trento Workshop on the Proton Radius Puzzle, October 29 - November 2, 2012 Trento,
Italy.
PSAS meeting Precision Physics for Simple Atomic Systems, June 6-15, 2012, Eltville, Germany.
3rd EOS Topical Meeting on Terahertz Science & Technology – TST 2012 Prague, Czech
Republic, 17-20 June.
Proposals for funding
An European Commission (EC) project in the frames of the Future Emerging Technology call
(FP2007-2013) was submitted in September. The project aims at the realization of the final laser
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source and its industrial applications. Besides Italy-INFN and ICTP and two industries there are
partners from Sweden, Holland, France, Bulgaria and Poland.
The INFN Financing Committee has given support for 2013 (instrumentation and crystals).
Long-term scientific visits by developing country scientists
Komlan Gadedjisso-Tossou (Togo) (third visit) through the ICTP Sandwich Training
Educational Programme (STEP)
Sumeet Kumar (India) through Training and Research in Italian Laboratories (TRIL) Program
Benjamin Anderson (Ghana) 2 visits through the ICTP Associates Program
Collaboration with the “Laser and Fibre Optics” laboratory Elettra-Sincrotrone Trieste
REPORT
Difference Frequency Generation (DFG) Research Activities
In order to test the possibility of building a laser system that generates a laser emission covering
the requirements of the muonic hydrogen experiment, we propose the study of several nonlinear
optics based schemes. Though for the moment there are no reports in the literature about IR
radiation having the combination of the exact parameters needed for the experiment however it
does seem to be within reach by the present nonlinear optics sources and materials. According the
last estimations [1] the energy sufficient for the experiment is about 0.25mJ. In this range of the
IR spectrum there are already reported such values of the energies [2,3] – 0.372mJ and 0.67mJ
respectively, although for different wavelengths and with higher linewidths of the radiation.
From the variety of optical schemes suitable for the generation of radiation with the desired
parameters we choose two that in our opinion are promising to reach the goal:
1. The first is based on one-stage process—Direct Difference Frequency Generation (DFG) in
non-oxide crystals with pump and signal coming from one narrowband nanosecond fixed
wavelength and one tunable solid state lasers emitting at wavelengths below 2µm. For
example a Q-switched single frequency Nd:YAG (1064 nm) and a narrowband Cr:Forsterite
laser operating at 1260nm , pumped by the same YAG laser.
2. The second is two-stage process—Difference Frequency Generation of broadband strongly
chirped phase-modulated signal and idler pulses from a femtosecond 800nm –pumped OPA in
the 1.5 micron region. The idea is to generate signal wave at 1.399µm and idler at 1.763µm.
Then, the 6.78µm will be generated by performing DFG of the signal and idler, applying
a strong phase-modulation leading to a stretching of the pulses and narrowing of the
spectrum.
Amongst the big number of nonlinear crystals suitable for the generation of infrared radiation
tunable around 6.8µm our first studies were concentrated on NL optical difference frequency
generation schemes based on AgGaS2 and LiInS2 due to the high damage threshold and relatively
high nonlinearity of these two crystals. Though the reported in the literature values for IR
radiation from LiInS2 in the spectral range around 6µm are not as high as these for AgGaS2, this
nonlinear crystal is promising candidate because of its much higher damage threshold (almost an
order of magnitude), about 5 times larger thermal conductivity, while having a similar nonlinear
coefficient as AgGaS2. The DFG schemes though having relatively smaller conversion efficiency
have the advantage (compared to OPO, OPA and OPG) of much narrower linewidth which is of
crucial importance for the muonic hydrogen experiment.
As a first step, the Cr:forsterite (Cr:Mg2SiO4) laser system with the appropriate parameters was
purchased (including two days training). All the laser systems (two Nd:YAG lasers and
Cr:forsterite/Cr:Mg2SiO4) were adapted to operate in the appropriate for the experiment working
regimes, with the corresponding timing between them, giving us the possibility to reach the
relevant synchronization of the laser pulses.
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Narrowing the linewidths of the emissions of the lasers that are used as pump and signal for the
direct DFG is very important as the linewidth of the DFG emission to great extent is determined
by the pump and signal linewidths. As the Cr:forsterite laser is narrowband (linewidth in the
order of 0.006-0.007nm) a preparation of a narrowband Nd:YAG source (upgrade of existing at
Elettra diode pumped and lamp-pumped lasers) is in progress. For the purpose a resonance
reflector and/or intracavity etalon will be used.
At the moment, the efforts are concentrated on the one-stage process—the direct Difference
Frequency Generation in non-oxide crystals with pump and signal coming from a Q-switched
single frequency Nd:YAG (1064 nm) and a narrowband Cr:Forsterite laser operating at 1260nm ,
pumped by another Nd:YAG laser, is realized. Two setups for characterization the nanosecond
systems for direct DFG (based on the nonlinear crystals chosen—AgGaS2 and LiInS2) were
prepared—see Fig.1 and Fig.2. Each crystal was tested for both schemes.
The parameters of the IR radiation generated by the two schemes were studied in means of:
maximum output energy/power, pulse duration, wavelength, tunability and linewidth. Also an
estimation of the effective conversion efficiencies and damage thresholds of the nonlinear
commercially available non-oxide NL crystals—AgGaS2 and LiInS2—in the regimes of interest
for the DFG schemes.
Initially four crystals (two AgGaS2 and two LiInS2) were purchased from two suppliers and
recently with a new funding, provided at the end of 2012, one more LiInS2 crystal was purchased
from a third supplier. The idea is to compare the properties of the crystals from different
suppliers—in terms of damage threshold, conversion efficiency, etc.
At present, all available crystals were studied. The damage thresholds tests of the crystals
showed that there was difference in the damage thresholds of the crystals, provided from the two
suppliers. For one of the AgGaS2 the damage threshold of the AR coating was found to be
~10MW/cm2 at 1.06µm, while no damage of the crystal bulk was observed, at the same time for
the 1.26µm there was no damage observed up to 100MW/cm2. For the LiInS2 crystal (delivered
from same supplier) the damage threshold was 13.5MW/cm2 at 1.06µm, here again for the
1.26µm no damage was observed for power densities up to 100MW/cm2. After re-polishing and
re-coating the crystals have damage thresholds higher than 25 MW/cm2 for 1.06µm, the same
are the values for the crystals delivered from the second supplier.
The nonlinear crystals under study are with dimensions 5×5×5mm and 10×10×5mm
width/height/length respectively. The output beams of both lasers (Nd:YAG and Cr-forsterite)
were adjusted to be with diameter 3.6mm (~10mm2) at the crystal’s surface. The energy applied
on the crystals was ~30mJ total (20.5mJ from Nd:YAG and 9.6 mJ from Cr:forsterite), with total
mean power density 31.3MW/cm2, (21.3MW/cm2 for the 1.06µm and 10MW/cm2 for 1.26µm,
respectively). This was done in order to avoid damaging the crystals’ AR coatings. Under these
conditions from the LiInS2 nonlinear crystal an output energy of ~7.5µJ at 6.76µm was
generated. while for the AgGaS2 crystal an output of 0.7µJ was generated (Fig.1). The values of
the energies generated from the identical crystals from the two suppliers are the same. As a
second step the identical nonlinear crystal were put in series. In such a scheme with the LiInS2
crystals an energy of 25µJ was generated. The results obtained show that with the appropriate
laser system even keeping the power densities at the present level much below the damage
thresholds of the AR coatings, it is possible to obtain over 250µJ from a crystal with dimension
10x10x10mm. The commercially available crystals on the market at present are with dimensions
10x10x20 W/H/L.
The next step was to used a double pass scheme (see Fig. 2) to increase the energy generated at
6.76µm, in such a scheme using two LiInS2 crystals with 5mm length an energy of ~40µJ was
generated (here again the beam diameter was 3.6mm). In conclusion, an infrared radiation at
6.76µm with energy about 0.25mJ is possible to be obtained from one bulk crystal of LiInS2, while
it is possible to reproduce the system in terms of using an optical scheme with more than one
nonlinear crystals or to use the double pass scheme.
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The linewidth measurements for the infrared radiation at ~6,8µm are not possible at the moment,
but it can be done with the wavelength meter that will be purchased.
References:
[1] Adamczak, A.; Bakalov, D.; Stoychev, L.; Vacchi, A. “Hyperfine spectroscopy of muonic
hydrogen and the PSI Lamb shift experiment”, Nuclear Instruments and Methods in Physics Research
B, 281 (2012) 72–76.
[2] Vodopyanov, K.L.; Maffetone, J.P.; Zwieback, I.; Ruderman, W. Applied Physics Letters, vol.75,
No. 9, p.1204, 1999.
[3] Haidar, S.; Ito, H., Optics Communications, vol. 171, p.171, 1999.
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B. Applications of Opical Tweezers Project
This new activity has been added in October 2012 with a focus on Africa. Presently, it utilizes the
laboratory of Dr. Dan. Cojoc, TASC in Trieste.
Ms. Fatou Ndoye, University Cheikh Anta Diop, Dakar, Senegal, was invited to ICTP for a long
term visit to start the project in October-December 2012 using special funds from the Italian
Ministry of Foreign Affairs.
Ms. Ndoye has since been accepted into the STEP Program and will pay her first STEP visit
starting March 1, 2013. Drs. Cojoc and Niemela are co-supervising Ms. Ndoye, who will also
benefit from interaction with other students and researchers both in the QCL project and in
TASC.
In December 2012 a complete optical tweezing apparatus was purchased by ICTP and delivered
from Thor Labs. Optical tables, miscellaneous optical equipment, and a laptop for Ms. Ndoye
were also obtained to use for simulations here and back home in Senegal.
This new initiative to the Anchor Optics Research Program builds on existing interest both in
ACL and Optical Tweezing, including ICTP-supported centers in Cote D’Ivoire and Cape Coast,
Ghana, and brings the University Cheikh Anta Diop, Dakar, Senegal, as a partner.
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APPLIED PHYSICS

SYNCHROTRON RADIATION
RELATED THEORY

Introduction
The aim of the group is to perform theoretical research and training in areas of condensed matter
and applied physics that are experimentally investigated by synchrotron radiation (SR). There is
close collaboration with experimentalists at the nearby SR source, Elettra, and at other similar
facilities.
Within the relatively large scope of problems that fall under this description, the group has two
main focuses of activities. The first field of activities is the investigation of electronic, magnetic,
and structural properties of systems with strong electron correlations, including transition-metal
oxides and related materials. The second main area of interest is the physics of low-dimensional
systems and nanostructures.

Research Activities
The main activities/results in 2012 include:
Electric field control of exchange bias in multiferroic heterojunctions
A reversible exchange-bias switching by an electric field, of potential interest for spintronic
applications, was recently observed experimentally in bilayers composed of a few-nanometersthick layer of La0.67Sr0.33MnO3 (LSMO), a ferromagnetic half-metal, on a thin film of BiFeO3
(BFO), a ferroelectric antiferromagnet. X-ray dichroism experiments also indicated that the
exchange bias originates from a ferromagnetic order of the Fe spins at the interface. A firstprinciples study was carried out in the group to understand the microscopic mechanism behind
the electric-field switching effect on the Fe spins at this interface (R. Neumann and N. Binggeli).
The effect could be explained in terms the surface charge induced by the ferroelectric polarization
in the BFO at the interface and the presence of Fe/Mn cation intermixing at the interface. The
calculations successfully accounted for a switchable Fe ferromagnetic state at the intermixed
interface, which depends on the sign of the BFO ferroelectric polarization at the
LSMO/BFO(001) junction.
Self-organization in metal adlayers at different lengths scales
A first-principles study was carried out to address the atomic structure and elastic properties of a
one-dimensional type of misfit structure recently observed experimentally for submonolayer
coverage of Pd on the W(110) surface (N. Stojic and N. Binggeli). This misfit structure is present
within mesoscopic Pd stripes on the surface, and is characterized by a periodicity of a few
nanometers along the direction perpendicular to the periodicity of the mesoscopic stripes. The
lowest-energy internal Pd structure consistent with experiment was found to be a periodic
double-vacancy-line structure, which significantly changes the surface stress and its anisotropy
compared to a pseudomorphic Pd configuration. The calculations confirmed the elastic origin of
the mesoscopic stripe pattern and accounted for the presence of two distinct self-organized
periodic structures observed simultaneously at two different length scales. This study provided
theoretical support for the interpretation of experiments by the nanospectroscopy group at
Elettra.
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M agnetic behavior in 3d–transition-metal surface alloys and thin films
The fcc-FeMn alloy is experimentally known to have a noncollinear magnetic structure with
compensated spin moments in the bulk, and is of interest, in particular, as exchange bias material.
However, conflicting experimental results exist on the precise type of noncollinear-spin
arrangement present in this system. The group, in collaboration with B. Malonda, ICTP
Associate, investigated from first principles the magnetic properties of bulk structures and
ultrathin films of ordered-alloy FeMn on Cu(001). The ground state for the bulk ordered alloys
was found to correspond to the so-called 3Q non-collinear-spin structure. A different type of
magnetic structure was predicted instead for 1-2 monolayers (MLs) of ordered FeMn on Cu(001),
also for the Fe/Mn checkerboard c(2x2) configuration, which is the experimental ordered surface
alloy structure that spontaneously forms for one monolayer of FeMn on Cu(001). The magnetic
ground state in this case displays a canting angle close to 90 degrees between Mn and Fe spins,
with nearly ferromagnetic Fe spins.

Training Activities
School on Synchrotron and FEL Based Methods and their Multidisciplinary Applications;
Directors: N. Binggeli, M. Kiskinova, and F. Mulhauser; March 19 – 30, 2012.
Coordination of the ICTP-Elettra users programme and of the ICTP-IAEA sandwich training
and educational programme (N. Binggeli)
Participation in the teaching of the ICTP Diploma programme in condensed matter physics (N.
Stojic, N. Binggeli)

Staff and Long-Term Visitors
Professional Staff
N. Binggeli, Switzerland

Post-doctoral Fellows
C. Wang, P. R. China
M. Imam, India

Long-term visiting scientist
N. Stojic, Croatia

PhD Student
R. Neumann, Brazil, STEP student
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APPLIED PHYSICS

MULTIDISCIPLINARY LABORATORY (MLab)

Introduction
The ICTP MLab promotes interdisciplinary experimental activities based on advanced
instruments and methods developed in basic physics research. MLab activities include scientific
instrumentation development, novel detectors and electronic circuits design and prototyping,
plasma-focus science and applications, and x-ray imaging and analysis. The goal is also to involve
visiting scientists and PhD students from developing countries in hands-on activities. The
knowledge and experience gained through experimental training enhances their professional
autonomy and at the same time strengthens their ability to conduct interdisciplinary research in
cooperation with heterogeneous research teams.

Research Activities
The main research activities at the MLab are organized through three experimental research
lines:
1) ICTP-INFN Microprocessor Laboratory
2) Dense Plasma Focus Laboratory
3) X-Ray Imaging and Analysis Laboratory
These are not secluded projects but part of an integrated programme aimed at generating
synergies for the realization of different research and training activities.

1. ICTP-INFN Microprocessor Laboratory
a) COMPASS Experiment at CERN
COMPASS is a multi-purpose experiment taking place at the Super Proton Synchrotron
accelerator at CERN in Geneva, Switzerland. It is looking into the complex ways in which the
elementary quarks and gluons work together to give particles from proton to a large variety of
more complex particles. A major aim is to discover how spin arises in protons and neutrons, in
particular, how much is contributed by the gluons that bind the quarks together via the strong
force. To do this the experiment fires muons at a polarized target. Another important aim is to
investigate the hierarchy or spectrum of particles that quarks and gluons can form. The results
will help in gaining a better understanding of the complex structure of protons and neutrons. The
apparatus consists of a two-‐stage spectrometer designed for high data rates and equipped with
high-‐resolution tracking, particle identification, electromagnetic and hadronic calorimetry (Fig.
1).
COMPASS generates hundreds of Terabytes of data per year since 2002. An important fraction of
these data are generated by the 83000-channel RICH-1 detector. The initial readout system of
this instrument was developed at the ICTP-INFN Microprocessor Laboratory. The ICTP group,
as part of the COMPASS Collaboration, participates to the annual shifts at CERN during the
experiment run to operate and monitor the spectrometer, attends various COMPASS
collaboration meetings, and co-authors several publications describing the achievements of the
experiment (see Publications).

ICTP Full Technical Report 2012

119

Fig. 1: Artistic view of the 60 m long COMPASS two-stage spectrometer.
The large box indicated by the yellow arrow is the RICH-1 detector. (Copyright: CERN)

Based on the performance of this experiment and its potential for further and deeper studies, it
has been recently approved by CERN a new experiment called COMPAS-II which includes in its
physics program: hard exclusive photon and meson production, measurements of unpolarized
Parton Distribution Functions and Transverse-Momentum-Dependent effects in SIDIS, pioninduced Drell-Yan muon pair production, and experimental studies of chiral perturbation theory.
For these studies it is foreseen about five years of data taking.

b) Reconfigurable Virtual Instrumentation (RVI) based on FPGA
A research initiative in the area of novel architectures for the implementation of RVI systems
using programmable logic devices is being carried out. The goal is to provide low-cost reusable
hardware/software platforms for the implementation of multiple electronic and scientific
instrumentation systems. Twenty-three modular platforms have been produced and are being
used in several ICTP training activities on scientific instrumentation development such as the
Joint ICTP-TWAS Latin-American Advanced Course on FPGA Design for Scientific
Instrumentation held in Havana, Cuba, during 2012.
Ayotokunbo Ajewole (Nigeria), supported by the special UNESCO Funds for Africa, carried out
research on novel architectures for RVI based on FPGA and has been contributing to the creation
of a network of African professionals related to microelectronics design techniques and open
source projects for international cooperation in areas of research, academic and industrial interest
in Africa.
Two short-term visiting scientists, Carlos Sosa Paez (Argentina) and Miguel Risco Castillo
(Peru) have also collaborated in the development of instrumentation using the ICTP RVI
platforms, and in setting up a portable laboratory for teaching High Performance Digital Signal
Processing (DSP). The laboratory consists on about 20 experimental stations based on FPGA
platforms and a variety of compatible hardware modules including analog to digital and digital to
analog converters, transducers, and miscellaneous devices such as joysticks and wireless
transmission modules. While the hardware can be easily designed and built or commercially
acquired, the software part is by far more complex and challenging since there are no standard
methodologies to fully exploit the potential of FPGA devices and thus this technology is reserved
to highly specialized professionals with deep hardware and digital design knowledge. The goal of
this DSP laboratory is to become a reference laboratory to teach and train experimental
researchers on FPGA technology and its applications to scientific instrumentation development.

c) ICTP Open Hardware Initiative
The MLab has conducted an international survey to explore the feasibility of a large open
collaboration for hardware design for high education and experimental research based on FPGA
technology. The survey targeted several kind of experts who can contribute to open designs of
complex platforms based on modern FPGA. Several key factors have been explored such as:
120
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• Availability and willingness to collaborate.
• Availability of needed know-how and skills.
• Technical feasibility and long term economic sustainability of a complex open FPGA platforms
project.
More than 200 qualified professionals participated in the survey filling a long and comprehensive
questionnaire. About two thirds of the participants hold PhD or Master’s degrees. The group of
participants was quite representative including professionals from academy, industry and research
institutes, and belonging to about 60 different countries from Asia, America, Africa and Europe.
The results were quite encouraging and we have decided to create two open collaborative
projects:
• RVI based on FPGA: An open collaboration to define a standardized hardware-software
architecture and suitable design methodology for the development of Reconfigurable Virtual
Instrumentation based on FPGA technology. Critical activities will be executed on FPGA while
non critical human interface and other services will be executed on personal computers and
hand-held devices connected with the FPGA through standard ports
(https://gforge.ictp.it/gf/project/openhardware).
• FPGA Open Hardware Platforms for Science: Open hardware design of high-performance lowcost prototype FPGA platforms for the implementation of a wide variety of reconfigurable
instruments based on a modular hardware approach. The project foresees one or more
motherboards with standard connectors and several compatible daughter/extension boards.
The project comprise two main subprojects: one dealing with the FPGA design and the other
dealing with the software running on the computer
(https://gforge.ictp.it/gf/project/rvi_fpga_boards).
In order to coordinate and concentrate the external contribution, the MLab has invited Kirshan
Mohan Khare, Department of Atomic Energy, India, to work at the MLab during 2013, be
responsible for the layout design of various printed circuit boards, and take care of the production
details.

d) Collaboration with INFN
In the framework of the collaboration with INFN, the acquisition of equipment to set up an x-ray
laboratory for the characterization and study of novel particle detectors was started in 2012.
Although the focal applications of the novel detectors are mainly in the field of high energy
physics such as astrophysics or accelerator based experiments, applications in other fields such as
environment monitoring, medicine, industry or cultural heritage studies will be explored. There
is a fruitful synergy by combining and complementing the INFN Trieste section experience in
R&D of novel silicon detector and the ICTP-MLab experience in microelectronics and its
applications to particle detector and multidisciplinary projects.
In particular, the laboratory has acquired a high-precision three axial linear stage for micrometric
studies using x-ray sources for single x-ray photon stimulation. This device enhances the MLab
testing and experimental capabilities to face the challenges of the new generation of detector for
astrophysics experiments such as large area silicon drift chambers with imaging and
spectroscopic capability (Rachevski et al., NIM-A).
The MLab has also become a full IC member of Europractice and thus it can benefit from its
exceptional low-cost services such as access to professional software for microelectronic design
and integrated circuit prototype manufacturing.

d1) XDXL (X Drift eXtra Large) Project
XDXL is an INFN R&D project aimed at the development of silicon drift detectors for X-ray
spectroscopy and imaging for a wide range of applications. ICTP collaborates with this program
through its MLab, specifically in the realization of spectroscopic instrumentation based on arrays
of single-anode silicon drift detectors (SDDs). One of the objectives is the application of such
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equipment to experimental lines in synchrotron radiation facilities (e.g., Elettra in Trieste or the
planned SESAME laboratory in Jordan).
Following the previous work on the development of the Fondazione Bruno Kessler (FBK)
technology, two more prototype productions were carried out in 2012 (Fig. 2), the concluding
year of the project, with the primary target of realizing a very large area, linear SDD for the
proposed astrophysics research experiment LOFT (http://www.isdc.unige.ch/loft/). Several
variants of single-anode SDDs, placed around the main detector, are being developed to address
the different requirements of the applications object of the MLab activities.

Fig. 2: Picture of a wafer from the second (left) and third (right) XDXL prototype production runs.

A matrix of 5 hexagonal cells, intended to be used in hand-held X-ray monitors or in X-ray
fluorescence spectrometers, was assembled with a discrete front-end electronics and characterized
inside a climatic chamber. The test was directed at the demonstration that the sensors could
operate, with the expected performance, under conditions attainable in portable equipment. Fig. 3
shows the energy resolution of the SDD for the Mn K peak of a 55Fe radioactive source, measured
at -16°C using a non-optimized setup (Rachevski et al., NIM-A). From this result it is evident
that a simple Peltier thermoelectric cooling system is sufficient to reach the design performance.
In the second half of 2012, the XDXL project started collaborating with Sincrotrone Trieste with
the purpose of addressing the technology gap between the advanced light sources and their beamline detectors. The first objective addressed in this investigation is the minimization of the sample
exposure time at TwinMic (http://www.elettra.trieste.it/elettra-beamlines/twinmic.html) that
would allow a reduction of experimental cost for the users, together with an increased
throughput. This is obtained by capturing fluorescence photons from a larger solid angle. To this
aim, a trapezoidal detector (on the right of Fig. 1) has been produced, and work is ongoing to
assemble it within the TwinMic vacuum chamber. The sensor will be initially read-out by the
front-end ASIC developed by the XDXL collaboration for the large-area linear SDD. This first
SDD prototype is not optimized for the low energy photons of the line, the detection of which
requires a very thin entrance window not available for this production run.
α
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Fig. 3: Single anode SDD array characterization with a 55Fe source using a discrete front-end electronics.

MLab will partner with INFN and Sincrotrone Trieste in 2013 to continue the XDXL
development in the frame of the new INFN R&D project ReDSoX (Research Detectors for Soft
X-ray) starting in 2013.

e) HICCE-FMC-128 — A 128-channels high performance data acquisition and
processing system for bioelectric signals
This is an Open-Hardware/Software project in Collaboration with the Mathematical Physics Lab
at the Centre for Studies in Physics and Biology, Rockefeller University, New York.
The main goal of this project is to develop and build a high performance recording system for
bioelectric signals such as neural action potentials, local field potentials, electroencephalography,
electromyography, electrocardiography, electrocorticography, etc. The data acquisition system
consists in 128 complete channels handling microvolt signals, from its amplification and filtering
to its massive storage in hard disks. Due to the use of a modern high performance FPGA it will
be possible to implement complex novel algorithms for online digital signal processing of the
acquired signals before storage. The high versatility and low cost of the system will smash the
economical barriers allowing many scientists and physicians to carry out advanced experimental
research in neuroscience and medicine by counting on cutting edge instrumentation at a price less
than ten times the price of closest (but less performing) commercial solutions. This decisive cost
reduction is mainly due to the open hardware approach which allows the spontaneous
contribution of highly qualified experts in areas such as computer sciences, hardware design,
digital signal processing, FPGA design, etc.
In the spirit of knowledge transfer and dissemination, all designs and related know-how will be
publicly available giving the opportunity to anyone to further develop the system or reuse it in
other open projects. The project has been released under the Open Hardware License (CERN
OHL) launched by CERN. The low cost of this system is expected to allow high quality
neuroscience experimental research to those scientist from developing countries which cannot
afford the typical high cost of this kind of instrumentation. This system is also expected to be
qualified and officially approved for experimentation on humans for medical research and
applications.
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The hardware has been designed in cooperation with the Rockefeller University, New York, the
Research Engineering Laboratory, Memorial Sloan-Kettering Cancer Center, New York, and
Intan Technologies, LLC, Los Angeles, USA. The first prototype has been produced in November
2012, and is presently at the MLab for testing, evaluation and software development (Fig. 4).

Fig. 4: The HiCCE-128 FMC Board plugged into a commercial FMC carrier. The left picture shows the FMC
carrier (the left upper board) and the HiCEE-128 FMC board (the below right board) with the two plugged
connectors handling 128 signal cables. The right picture shows the reverse side of the FMC HiCEE-128 board.

f) Enhancing computational capabilities through resources integration (SINERGIO).
Project in collaboration with University of Castilla-La Mancha, Spain; International Center for
Theoretical Physics, Italy; Université de Mons, Belgium; Eindhoven University of Technology, The
Netherlands; Sustainable Computing Research, Austria; Technical University of Madrid, Spain; BBVA,
Spain and DELTATEC, Belgium.

The main objective of the SINERGIO project is to provide a Cloud for Science model that
enhances and extends current cloud computing capabilities, by means of FPGAs integration
within the computational resources currently offered by cloud computing, such as multicore
CPUs and GPUs. This project will be oriented to facilitate the exploitation of cloud given
benefits from both side of cloud business. On one hand, it will leverage the insertion of private
companies into the cloud business model, ramping up the innovation where the fruit of the
research and implementation work performed in this project can be exploited by SME, to help
place new products and services into the cloud market, enhancing the participation of a wellestablished SME and encouraging the incorporation of new fresh technological start-ups. On the
other hand, through the provision of specialized integration mechanism for heterogeneous
resources, this project will facilitate and encourage the development of an open and competitive
European Research Area in related research fields.
The MLab contributes with its expertise in FPGA design and novel hardware/software
architectures as well as through the validation of the whole project. It is expected that other
ICTP groups will contribute to this project by proposing paradigmatic and highly computational
intensive problems of relevance in computational physics and science in general, with emphasis on
image processing. This set of problems will be used as a test bench to evaluate the performance of
radically new approaches based on fine-grained reconfigurable computing.

2. Dense Plasma Focus (DPF) Laboratory
The objective of the MLab DPF Laboratory is to establish a research centre for reference on
plasma focus science and applications at ICTP with a visible contribution to main stream
research, excellent education, and innovative applications. DPF applications include
characterization of nano-technology materials, dynamical defectoscopy of moving or rotating
objects, materials testing, explosives and other illicit materials detection, and production of
isotopes for medical diagnosis and cancer therapy. The DPF device is a relatively inexpensive,
non-radioactive, compact and efficient source of plasma and radiation. With experienced guidance,
it can be inexpensively reproduced in experimental laboratories around the world for use as a
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non-radioactive source of X-rays and neutrons for both, technological applications and basic
research.
This activity benefits from the expertise of Prof. Vladimir Gribkov, Institute for Theoretical and
Experimental Physics, Moscow, Russian Federation, and of Dr. Ryszard Miklaszewski, Institute
of Plasma Physics and Laser Microfusion (IPPLM), Warsaw, Poland.
During 2012, further upgrading of the ICTP DPF device “Bora” was carried out, and several
experiments in the area of radiation material sciences (Gribkov et al.) and nuclear medicine
(Giannini et al.) have been performed.
We purchased a UPS device for the independent feeding of the firing generator, the oscilloscope
LeCroy and the photomultiplier tube with its power supply. The whole assembly of the control
and detector devices is presented in Fig. 5. This step gave us an opportunity to eliminate inside
our Faraday cage all electrical noises, and to see the oscilloscope traces of the hard X-Ray and
neutron pulses. Examples of the traces of current derivative taken at the output cables of 4
capacitors showing good synchronization of all channels of the “Bora” device are presented in Fig.
6(a). The oscilloscope trace obtained during the DPF shot with neutron yield on the level of
about 5×107 neutrons is shown in Fig. 6(b). We also made a hole in the wall separating our DPF
room from the control/registration room with a Faraday cage. In this hole we have installed a
collimator made of Teflon with an inverse cone to prevent parasitic reflections of neutrons from
its walls.

UPS

Oscilloscope

PMT

Firing
generator

PMT power supply

Start
button

Fig. 5: Interior of the Faraday cage with control and registration units

Hard X-Rays Neutrons
Fig. 6(a): Oscilloscope traces of ∂ I/∂ t taken by
magnetic probes positioned at the output cables of 4
capacitors of the main DPF bank.

Fig. 6(b): Oscilloscope traces of hard x-ray and neutron
pulses generated by the ICTP DPF “Bora”.
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Regarding our chamber optimized for hard x-ray production (for spin-off of our project devoted
to the dynamic quality control) and for experiments on radiation material sciences (Fig. 7), we
have elaborated and manufactured a number of additional parts that may allow us to irradiate
samples placing them in various distances from the anode of the chamber. It gives also an
opportunity to irradiate specimens either by melting their surface or without melting it. In our
analytical investigations of the irradiated specimens we used two optical microscopes of the MLab
that gave us information of damageability of the samples. These microscopes are presented in Fig.
8.

Fig. 7: Chamber optimized for hard x-ray
production and for radiation material
sciences experiments ready-assembled.

Fig. 8: Two optical microscopes for use in radiation material science experiments at ICTP.

During 2012, we offered a hands-on School on Dense Magnetized Plasma as a Source of Ionizing
Radiations, their Diagnostics and Applications held at ICTP. Petrov Yuriy Vladimirovich
(Ukraine), supported by CEI Research Fellowship Programme "CERES", has collaborated with
the improvements of the device, and with the preparation of the irradiation experiments that have
been carried out at the MLab in the frame of the IAEA CRP for “Investigations on Materials
under High Repetition and Intense Fusion Pulses”.

3. X-ray Imaging and Analysis Laboratory
EXACT (Elemental X-ray Analysis and Computed Tomography) - ICTP project in
collaboration with Sincrotrone Trieste S.C.p.A. and funded by Regione Friuli Venezia Giulia, Italy
In recent years, we have witnessed a great development of X-ray portable instruments for the
non-destructive study of archaeological, artistic and cultural heritage. The main purpose of the
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project is to develop a portable system simultaneously capable of exploiting multiple techniques
and creating a center for the protection and valorization of regional cultural heritage, open to
national and international collaborations. In fact, the available commercial instruments are
generally based on a single analytical technique and these systems are not often portable.
The instrumentation at ICTP comprises two main systems, one based on micro-computed
tomography (mCT) and the other one based on x-ray fluorescence (XRF), x-ray diffraction
(XRD) and radiography (DR). These portable systems can be also used for in-situ chemical and
morphological analyses at remote archaeological sites, and in museums, galleries and restoration
institutions for precious and non-movable bones and other materials.
During 2012, we carried out testing, calibration, optimization and use of the mCT system and, we
have focused on the development of the complementary unit based on XRD, XRF and RD.

a) The ICTP mCT system
The calibration and alignment of the mCT have been verified even with the use of test samples
purchased from the market or specially made by our group. At the same time, we have created
software to control and make synchronous the different components of the system: X-ray tube,
sample, positioning system and detector. When the optimization of the mCT has been completed,
many archaeological and paleontological specimens have been analyzed, with particular attention
to findings kept in museums and regional institutions (Trieste and Udine Museums of Natural
History and the Soprintendenza del FVG), as shown in figures 9, 10 and 11.

Fig. 9: The skull of Protenodontosaurus italicus on the rotation stage of microCT instrument in front of the flat
panel sensor (A) and the 3D reconstruction of its anterior part (B) allowing virtual sections (C) for endostructural
studies.

Fig. 10: Virtual rendering of the Ancient Bronze Age skull from Mompaderno (Istria), kept in the Trieste Natural
History Museum (A) and a virtual longitudinal section showing the broken brain case (B).
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Good functioning of the unit made it possible to prepare more than 150 analyses and carry out
the study of paleoanthropological remains of great international interest brought to Trieste from
various Italian institutions and other countries, including Slovenia, Croatia, Eritrea, Czech
Republic and Australia. To make the data processing possible and produce three-dimensional
volumes of the studied objects, specific hardware and software have been chosen and acquired
after a careful analysis of the market. The obtained results have been presented at conferences,
both in Italy and abroad, and partly published in prestigious international journals (Bernardini et
al., Macchiarelli et al., Tuniz et al., Zanolli et al.). Among them, it is worth mentioning the study
of a human mandible preserved in the Trieste Natural History Museum discovered in 1911 in a
small cave near Lonche in northern Istria (Bernardini, Tuniz et al.). The analyses have revealed
clear signs of what is considered the oldest dental filling so far, dating back to 6500 years. The
news was picked up by media around the world including the New York Times, CNN, Times,
Forbes, Der Spiegel, New Scientist, BBC, National Geographic, etc.

Fig. 11: Rendering of the mandible of a Neanderthal
child from the site of Molare (Italy) showing the virtual
extraction of the left second deciduous molar.

The mCT instrument allows a non-destructive study of the internal structure of dense and large
objects for scientific, conservation and cultural exploitation purposes. No other instrument with
such characteristics exists in any other Italian laboratory so far. The obtained mCT data
corresponds to virtual volumes which reproduce, with an exceptional spatial precision, the inner
and outer morphological structures of an object and the resulting images have been used for
museal and didactic purposes. Collaborations are in progress with some Regional Museums for
the display of virtual renderings in new exhibitions. The same analytical volumes can be easily
printed in three dimensions thanks to newly available low-cost 3D printers. Casts of the
specimens can be prepared this way, without any risk of damage compared to traditional methods.
Precious remains preserved in the Regional institution have been valorized thanks to their nondestructive study. For example, the Lonche mandible, which revealed the existence of the oldest
dental filling practice in Europe, is an important attraction in the Trieste Museum of Natural
History, together with the dinosaur discovered at Villaggio del Pescatore (Duino Aurisina).

b) The ICTP XRD-XRF-RD system
As regards the XRD-XRF-RD unit, our efforts have been concentrated to design some versatile
setups with interchangeable components to simultaneously exploit the potential of these
techniques together with mCT, UV-visible and infrared spectroscopy, which will be implemented
in the last phase of the project.
First, we have identified and bought several components, including some engines and a new
detector (Medipix) operating in single photon counting mode or accumulation of time over
threshold. Great attention has been then placed to design two light and versatile heads to support
and move with precision the radiogenic sources and detectors on the basis of an innovative
geometry. The two heads can be mounted on a simple tripod to effectively operate in different
conditions, to analyze fragile findings with limited mobility in museums or to perform
preliminary investigations during archaeological excavations, even in remote areas.
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In the first version of the analytical system, source and detector can slide on a semicircular guide,
to which they are fixed at precise positions to allow the repeatability of the analysis (Fig. 12); the
second version has a very compact motorized structure based on two articulated parallelograms,
which allows moving the components with great precision and with less angular obstruction thus
permitting analysis of concave surfaces or in confined spaces (Fig. 13). Both heads of analysis, or
individual components, will be also mounted on a system of motorized axes which will allow very
precise movements along x and y directions in order to scan the elemental composition or
structural features of the analyzed surfaces and not only for punctual analysis.
The first prototype has already been used for the XRF analysis of various samples, including
prehistoric stone artifacts, metal objects, paintings, ceramics, pigments from cave paintings, etc.
Thanks to specific standards, a calibration of the system has been carried out in order to perform
quantitative analysis. The first results were presented at international conferences (at Modena,
Ferrara, see Publications) and have been partially published (Tuniz et al., NIM-A).
The first XRD-XRF-RD test cases have expressed the analytical potential to exploit
simultaneously these techniques in combination with a low energy X-ray tube and a silicon drift
detector. This same setup allows a better reproducibility of XRD analyses thanks to the dedicated
dispersive energy system which does not need any angular movement as found in other portable
equipment already available. In the same time, our system allows the non-destructive study of
surfaces constituted by several layers such as paintings, through precise motions which are
perpendicular to the surface of interest, and the possibility to realize elemental mapping of minor
and trace elements of surface of interest by scanning and using the hybrid detector Medipix.
Christian Kwasi Nuviadenu (Ghana), IAEA fellow from the Ghana Atomic Energy Commission,
is currently using the system to study environmental pollution as part of his PhD work.

Fig. 12: (A) One of the portable XRF/XRD set up built at the ICTP, mounted on a tripod; (B) ED XRD spectrum
of NaCl and XRF spectrum of NBS 610 obtained with this configuration.
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Fig. 13: Portable and compact motorized set up based on two articulated parallelograms, which allow moving the
components with great precision and with less angular obstruction thus permitting analysis of concave surfaces or in
confined spaces such as in the case of frescoes or rock art.

c) Other related activities
The group has offered lectures for the students of the Facoltà di Ingegneria of the University of
Trieste in the frame of the courses 108MI - Metodi spettroscopici di analisi.
The microtomographic data of a fossil dinosaur skull preserved at the Museum of Natural History
of Udine are currently included in the PhD dissertation of a student (James M. Neenan) from the
University of Zurich, Switzerland.
The laboratory also supervised a research stage of a French student (M. Cazenave) from the
University of Poitiers, France, in the frame of the project Analysis of Human Patellae.
The participants of the project have organized a training session about the use of XRD-XRF-RD
and mCT portable systems for a group of researchers from Czech Republic; as well as for other
researchers coming from developing countries.
Some of the acquired mCT data have already been used in a famous international exhibition in
Trento titled Homo sapiens.

Training Activities
Joint ICTP-TWAS Latin-American Advanced Course on FPGA Design for Scientific
Instrumentation (smr2384), Directors: L. Tabares, N. Abdallah, A. Cicuttin, M.L. Crespo; held in
Havana, Cuba from 19 November to 7 December, 2012.
School and Training Course on Dense Magnetized Plasma as a Source of Ions (smr2370),
Directors: V. Gribkov, R. Miklaszewski, C. Tuniz. ICTP Local Organiser: M.L. Crespo; held at
ICTP from 8 to 12 October 2012.
Joint ICTP-IAEA School of Nuclear Knowledge Management (smr2363) Directors: IAEA: M.
Sbaffoni; Local Organiser: C. Tuniz; held at ICTP from 3 to 7 September, 2012.
Joint ICTP-IAEA Workshop on Nuclear Structure Decay Data: Theory and Evaluation
(smr2358). Directors: D.H. Abriola, J.K. Tuli. ICTP Local Organizer: C. Tuniz; held at ICTP
from 6 to 17 August, 2012.
ICTP First Regional Workshop on Distributed Embedded Systems with Emphasis on Open
Source (smr2434), Directors: A. Induruwa, C. Kavka, U. Raich. A. Cicuttin and M.L. Crespo
(ICTP Organisers). S.W. Lee and C.S. Ang (Local Organizers in Malaysia); held in Kampar,
Malaysia from 30 July to 17 August, 2012.
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Joint ICTP-IAEA Nuclear Safety Assessment Institute Workshop (smr2343), Directors: IAEA:
M. Mellinger-Deroy and P. Wells. ICTP Local Organizer: C. Tuniz; held at ICTP from 4 to 15
June 2012.
International School on Nuclear Security (smr2338), Directors: IAEA: A. Braunegger-Gülich;
ICTP: C. Tuniz; held at ICTP, from 7 to 18 May 2012.
Preparation of the Workshop on Portable X-ray Analytical Instruments for Cultural Heritage
(smr2455) to be held at ICTP from 29 April to 3 May, 2013. Organizers: C. Tuniz, L. Mancini,
M.L. Crespo, A. Cicuttin.
Preparation of the International Training Course on FPGA Design for Scientific Instrumentation
and Computing (smr2499) to be held at ICTP from 11 to 22 November, 2013. Directors: A.
Cicuttin, M.L. Crespo, J.D. Dondo, N. Abdallah.

Participation in International Programmes
The ICTP MLab takes part of the IAEA Coordinated Research Project (IAEA CRP)
“Investigations on Materials under High Repetition and Intense Fusion Pulses” (2011-2015) that
is devoted to testing of materials perspective for the main-stream fusion devices, as well as to
study the Dense Plasma Focus (DPF) physics and its different applications.
ICTP MLab staff takes part of the COMPASS Collaboration at CERN, Geneva, Switzerland, that
is formed by nearly 220 researchers from 13 countries and 24 institutions around the world.

Services
Hardware Loan Programme Project
ICTP hardware platforms based on FPGA were given on loan to external collaborators through
a simple written agreement for research and education purposes. Among the beneficiaries of this
program there are teacher, researchers, and students from Colombia, Cuba, Argentina, Mexico,
Ukraine, Malaysia, India, Bangladesh, USA and Peru. While beneficiaries can use this material on
long term basis, the MLab supervises its utilization to ensure proper use and profitability,
retaining its right to reallocate these resources to another person or group. The beneficiaries of
this program integrate a small collaborative international community for the production of
software and other FPGA related intellectual property which will enhance the availability of
public domain technical resources especially for research and education in developing countries.

Staff and Long-Term Visitors
Professional Staff
J. Niemela, Head, USA
M.L. Crespo, Argentina
Consultants
C. Tuniz, Italy
Technical Staff
A. Cicuttin, Italy

Staff Associates
V. Gribkov, Russian Federation
Post-doctoral Fellow
F. Bernardini, Italy
Visiting Scientists
A. Ajewole, Nigeria
C. Kwasi Nuviadenu, Ghana
A. Mendoza Cuevas, Cuba
P.Y. Vladimirovich, Ukraine
C. Zanolli, France

Several ICTP associates members in the area of microelectronics and nuclear physics are
connected to MLab research activities, such as: Ariadna Mendoza Cuevas (Cuba), Md. Mamun
Bin Ibne Reaz (Malaysia), Ogundare Folorunso Ogunmola (Nigeria), Arezki Benfdila (Algeria)
and Adel Mellit (Algeria).
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Funding
a) The MLab has received a €600,000 grant from the local government of Regione Friuli Venezia
Giulia for the project “Development of an X-Ray Portable System for Non-Destructive
Analysis of Archaeological and Artistic Materials” (EXACT - Elemental X-ray Analysis and
Computed Tomography). The project is divided in three annual phases, the first and second
phases were successfully concluded, and the third phase will start in January 2013.
b) Project under Italian Funds-In-Trust with UNESCO
Project: Practical Training and Research in Basic and Applied Sciences including Education,
Energy, Environment and Health Education for Africa
Subproject: Multidisciplinary Laboratory (MLab)
Assigned budget for the period 2010-2012: €44,250
c) A proposal for the Enhancing computational capabilities through resources integration
(SINERGIO) has been submitted to the European FP7 programme (FP7-ICT10-2013) in
collaboration with University of Castilla-La Mancha, Spain; Université de Mons, Belgium;
Eindhoven University of Technology, The Netherlands; Sustainable Computing Research,
Austria; Technical University of Madrid, Spain; BBVA, Spain and DELTATEC, Belgium. The
expected funds for ICTP would be €350,000 for the period 2013-2015.
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NEW RESEARCH AREAS

RENEWABLE ENERGY AND SUSTAINABILITY

Introduction
The field of renewable energy and sustainability is at the centre of today's efforts to address the
looming energy crisis and the menace of global warming due to the excessive use of fossil fuels
and the concomitant emissions of greenhouse gases.
Research into new and better ways to convert energy is one of the largest themes in modern
applied research. This theme is particularly relevant for developing countries which are often
blessed with abundant natural resources and where a traditional centralized energy infrastructure
does not exist nationwide. Such a situation is ideally suited for a small-scale, decentralized power
supply from renewable sources. This situation has been recognized by many governments in the
developing world who consequently ask their research community to work in the general field of
energy science. Bridging the gap between industrialized countries and the developing world in this
key area of development is therefore a vital task for an organization like ICTP. For this reason,
renewable energy has been inscribed as one of the priorities in ICTP's five-year plan.
In the following, we give some details about the efforts in this field in the year 2012.

Research
ICTP's in-house research efforts fall into two areas: computational materials science for energy
storage and conversion, and the evaluation and development of solar PV technology for the
tropics.

1. Computational materials science
New functional materials for photovoltaics, photocatalysis, or energy storage are needed in order
to achieve the necessary performance gains for a wide-spread application of such technologies.
ICTP and the neighbouring research institutions in Trieste have a long tradition in
computational materials science. This is witnessed by famous developments like the CarParrinello method for molecular dynamics (from 1985) or the quantum-ESPRESSO computer
code, which is one of the most widely used programs to perform density-functional theory based
computations.
In this context, the following research projects were addressed in 2012:

1.1. Photocatalysis
In this field, the focus is on materials that can convert solar energy into chemical energy by
splitting water and/or reducing carbon dioxide. On the first project, undertaken by Nicola
Seriani, a system composed of titanium dioxide and copper has been investigated. This system is
promising for the direct conversion of water and carbon dioxide into hydrocarbons using
sunlight. The effect of copper on the atomic structure and the electronic structure of titanium
dioxide has been investigated in the cases when copper is employed as a doping element, and as
small clusters at a titania surface. This knowledge is an important prerequisite to understand the
interaction of the system with water, carbon dioxide and light, and the overall reaction
mechanisms.
In a second project, performed by Manh Thuong Nguyen, Nicola Seriani and Ralph Gebauer, the
adsorption and dissociation of water on surfaces of hematite (α-Fe2O3) has been investigated.
Here the goal is to understand the mechanisms of water splitting.
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1.2. Lithium batteries
Regarding lithium batteries, most of the research has involved the characterization of materials
for the cathode of lithium-air batteries. This project was undertaken by Nicola Seriani and Yanier
Crespo. In particular, the focus was on α-MnO2 , a promising catalyst for the reversible formation
of lithium peroxide in the cathode of the battery. Simulation of this transition metal oxide
presents considerable challenges, also in view of the complex magnetic properties. To be able to
describe its properties, ab-initio simulations have been supplemented by a statistical spin model to
reproduce the spin glass behaviour of this compound.
A proper description of its properties has been achieved, and now the role of this compound in the
processes taking place in the battery can be further characterized.

1.3. Dye sensitized solar cells
Such devices make part of what is known as third-generation photovoltaics and allow for a
radically different way to harvest sunlight and produce electricity. In contrast to traditional
Si-based photovoltaics, DSSCs can be produced in simple wet-chemistry approaches and do not
necessitate extremely pure raw materials or clean production environments. At the core of a
DSSC's functioning is a wide-bandgap semiconductor which is sensitized with dye molecules and
in contact with a liquid electrolyte.
Precisely the interplay between the surface structure of the semiconductor, the related adsorption
chemistry of dye molecules and the role of the liquid surrounding were investigated rigorously
using density-functional theory based computer simulations. It was shown that the effect of the
electrolyte may not be simply approximated by an effective dielectric constant surrounding the
electronically active part of the device. Instead, one needs to take the liquid fully into account as it
alters the adsorption chemistry of the dye molecules and has a strong influence of the photoabsorption, which can only be well reproduced if theoretical spectroscopy is combined with
realistic molecular dynamics of the system.

2. Evaluation and development of solar PV technology for the tropics
The electrical behavior of the currently available PV technology heavily depends on “external”
variables such as temperature and direct and diffuse insolation. The magnitude of those variables
evidently depend on the climatic conditions and geographical location in which the PV
technology is being used. Moreover, other climatic events such as snow, rain and wind, may
severely affect the performance and useful life time of a PV module. Thus, it is not clear that a PV
technology located in different geographical locations with different climates experiences the
same electrical behavior.
For this reason, and for the case of tropical regions, Carlos Meza-Benavides is working on a
research project which aims at analyzing the influence of location on the performance of PV
technologies.
Two possible solutions can be implemented in order to tackle the location-dependent situation of
the PV technology, namely,
• to develop an “universal” PV technology which electrically behaves more or less the same for
every climatological condition and geographical location.
• to develop location specific PV technology in which its electrical behavior is “optimized” for a
set of local climatological conditions.
The present project deals with the second alternative, not because the first option is considered
unachievable, but because it might be significantly more expensive than the second one.
There are many elements that makes us think that it is possible to develop an optimized and
possibly cheaper technology for the tropics, for instance,
• the tropics is the only region of the Earth where the Sun reaches a point directly overhead at
least once during a year,
• smaller temperature deviation, i.e., the PV technologies operational temperature will be
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comprised in a smaller range,
• in general the PV modules may experience lower mechanical stress: the lack of snow and the
position of the PV modules (at most with an inclination of 20°) will offer less resistance to
wind.
There are also some intrinsic climatological characteristics of the tropics, such as high humidity,
that need to be evaluated to determine their effects on the electrical behaviour and lifetime of
different PV technologies.

Training Activities
The ICTP organized or co-organized a series of schools and workshops in the field of renewable
energy in the year 2012:
• February 2012: First "Ansole Days" on Solar Energy for Sustainable Development, held in
Yaoundé, Cameroon.
• September 2012: Innovation, Science and Technology for an energy efficient development of
Central America, held in San Carlos, Costa Rica.
• October 2012: Joint ICTP-IAEA Workshop on Sustainable Energy Development: Pathways
and Strategies after Rio+20.
• November 2012: School on Numerical Methods for Materials Science Related to Renewable
Energy Applications.

Students Supervised
1. Dick Hartmann Douma: STEP-PhD student from Brazzaville, Congo. Thesis title: Etude
computationnelle des propriétés optiques des nanofils de l’anatase photosensibilisés par le
catechol et l’alizarine.
2. Elvira Prisca Mbekwe Pafong: ICTP Diploma student from Cameroon. Thesis title: Densityfunctional and post density-functional simulations of small iron clusters.
3. Osiris Hermes Ngoma: ICTP Diploma student from Congo. Thesis title: Mixed carbonatesilicate crystals at high pressure.
4. Gemechis Dereje Degaga: Master student at the University of Trieste. Graduation is planned
for March 2013.
5. Sergio Morales-Hernandez: PhD student from Costa Rica Tech. PhD program in Advanced
Technologies for Development.

International Networks: ANSOLE
ICTP has helped launch and is strongly supporting the African Network for Solar Energy since
November 2011. This network is coordinating research groups in the field of solar energy all
over the African continent. Currently, ANSOLE is present in 31 African countries and has
roughly 400 members.
With the support from ICTP, ANSOLE is regularly organizing scientific meetings in the field of
solar energy. Also, two student exchange schemes, the Intra-African Exchange (INEX) program
and the Africa-North Exchange (ANEX) program, are active with the financial support from
ICTP.

Staff
1. Ralph Gebauer, Coordinator of the renewable energy programme, ICTP research scientist,
Condensed Matter and Statistical Physics section.
2. Carlos Meza-Benavides, Senior Postdoctoral Researcher, ICTP renewable energy programme.
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3. Nicola Seriani, Senior Postdoctoral Researcher, ICTP renewable energy programme.
4. Daniel Ayuk Mbi Egbe, Linz Institute for Organic Solar Cells, Coordinator of ANSOLE and
ICTP consultant.

External Grants
Computational grants have been awarded by the CINECA supercomputing centre:
1. ISCRA 2012/2013 Type B (1,000,000 CPU hours), N. Seriani (PI), R. Gebauer, Y. Crespo, I.
Girotto, First-principles simulations of materials for the photocatalytic conversion of water
and carbon dioxide into hydrocarbons.
2. ISCRA 2011/2012 Type B (1,400,000 CPU hours), R. Gebauer (PI), N. Seriani, M. Nguyen,
Hematite for solar energy applications.

Crystal structure of α-MnO2 , a promising catalyst for the
reversible formation of lithium peroxide in the cathode of
lithium-air batteries.

An alizarin molecule solvated in water. The molecular orbital's response to an optical excitation is also shown.
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NEW RESEARCH AREAS

QUANTITATIVE BIOLOGY

Our efforts in the direction of establishing an activity or a research component in ICTP in
Computational Biology has mostly focused on creating a network of contacts and a calendar of
events to explore possible initiatives and to learn how ICTP can be effective in this very diverse
and rapidly changing field.
Our efforts rely on collaborations with already established scientists: Co-supervision of two
SISSA PhD students with Michele Vendruscolo (Univ. of Cambridge, UK) and Aleksandra
Walczak (ENS, Paris, France) have already produced papers that are currently under review.
Michele Vendruscolo, an expert in computational biology and proteomics, Vijay Balasubramanian
(Univ. Penn., USA) and Anirvan Sengupta (Rutgers, USA) lead the effort to organize and run the
first Winter School on Quantitative Systems Biology.
This school responds to the strong need, especially at the PhD and postdoc level, for providing
physicists with a broad exposure to quantitative problems in the study of living systems. This
need is particularly acute for researchers in developing countries, who have more difficulties in
keeping contact with front line research in such fast expanding fields. The Winter School is
modeled on the extremely successful Spring School in high energy physics that ICTP has run for
decades, and which have been instrumental in training generations of physicists. The Winter
Schools is designed to serve this purpose in Quantitative Systems Biology, by providing a broad
overview of topics in Systems Biology for PhD students and young active researchers, who either
work in this area or hope to do so. Fifty-three students were selected for the first school 30 of
whom from developing countries. The next school will be held in Bangalore, India, in
collaboration with ICTS, in December 2013 and the third is planned for December 2014 in ICTP.
Other activities in Quantitative Biology in 2012 include the workshop in Physical Virology,
organized in collaboration with F. Livolant (Orsay, France), V. Lorman (Montpellier, France), C.
Micheletti (SISSA, Italy) and R. Podgornik (U. Ljubljana, Slovenia).
A position for a senior postdoc in Quantitative Biology has been advertised and, as a result,
Areejit Samal, currently at the Institute for Systems Biology (Seattle, USA) has been selected.
He's an expert in modeling metabolic networks and will join ICTP in March 2013.
We foresee that the group will expand even further, with the appointment of a staff member and a
further postdoc in 2013.
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NEW RESEARCH AREAS

COMPUTATIONAL SCIENCES

In 2012, ICTP expanded its support for scientific computer programming by signing an
agreement with SISSA to establish new High Performance Computing (HPC) cluster. Initially,
the cluster will be available for use by ICTP and SISSA research groups, and later, for use by
third parties after agreements are in place.
ICTP also hired a small group of scientific computer experts to provide support and advanced
consulting on data management, parallel programming and application enablement to leverage
massively parallel platforms. Major activities of the team included a weekly seminar series on a
variety of HPC-related topics, an introduction to scientific and high-performance computing for
students in ICTP’s Postgraduate Diploma Programme, and HPC consulting services for visiting
and local scientists working on scientific application software development.
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DIRECTOR'S RESEARCH GROUP

STRING PHENOMENOLOGY AND COSMOLOGY

Introduction
The main motivation to study string theory is because it promises to provide a framework to
unify all matter and interactions, including gravity, in a consistent theory. Despite the intrinsic
difficulty of dealing with a theory that manifests itself at scales as high as the Planck mass, for
more than 25 years there has been continuous progress in order to make contact of string theory
and low-energy physics. This refers to extensions of the standard model of particle physics and
cosmology that could lead to some observable implications. The big challenges: finding chiral
models close to the standard model, breaking supersymmetry, fixing dynamically the size and
shape of the extra dimensions are being overcome over the years and several scenarios are
emerging in which model independent physical implications can be extracted. Despite the large
amount of potential models, the current experimental constraints, both from particle physics
(gauge unification, proton stability, fermion masses) and cosmology (density perturbations, dark
matter, dark energy, baryogenesis) are strong enough to eliminate most of the models and despite
great progress, there is not at present a fully realistic model or scenario derived from string
theory that satisfies all the constraints justifying strong efforts in this direction.

Research Activities
Two main research areas were explored. First: the continuation of a long term project started by
the principal investigator several years ago regarding local string models. The current effort is to
embedd these models in consistent global models in compactifications of string theory, including
also moduli stabilisation. Second: cosmological implications of the large volume scenario
including potential non-gaussianities of the primordial density perturbations, their potential for
dark energy and quintessence and finally for a stringy realisation of the so-called dark radiation
that has been hinted by several experiments over the years. Also addressing the important
problem of obtaining de Sitter space from string compactifications.

Services
F. Quevedo

Conferences organized
Programme on Mathematics and Applications of Branes in String and Mtheory, Isaac Newton Institute for Mathematical Sciences, Cambridge, UK,
June 2012.
String Phenomenology 2012 (yearly conference), Cambridge, June 26-30 2012.
Graduate Summer School on String Phenomenology, Simons Center, Stony
Brook, July 2012.
Invited talks
String Phenomenology TH Institute, CERN, Geneva, 3-7 July 2012.
Latinoamerican Workshop on High Energy Physics: Particles and Strings,
Havana, Cuba, 15-21 July 2012.
SUSY2012, Beijing, China, 14-19 August 2012.
LHC, Early Universe and String Theory (colloquium):
• Normal University Beijing, September 2012
ICTP Full Technical Report 2012

139

• Xinjian University Urumqi, China, September 2012
• Hangzhou Normal University, September 2012
• Hong Kong University of Science and Technology, Hong Kong,
September 2012.
• University of Jakarta, Indonesia, December 2012.
CERN Colloquium, 8 November 2012
The Thirteenth HRI Girdharilal Mehta Lecture, Harish-Chandra Research
Institute, Allahabad, India, 5 December 2012
International Conference on Light Cone Physics, University of Delhi, India,
10-15 December 2012.
From Strings to LHC - III, Lectures on Local String Models and Moduli
Stabilisation, Puri, India, 8-14 December 2012.
Services Outside ICTP
Inauguration of the ICTP South American Institute for Fundamental
Research, (ICTP-SAIFR) and attendance at the first meeting of the Scientific
Council, São Paulo, Brazil, 5-9 February 2012
Visit to Cairo, Egypt organised by the Embassy of Italy in Egypt, including
meetings at the Academy for Scientific Research and Technology and Cairo
University, 13-19 February 2012
Visit to IAEA, Vienna to give a seminar on “Goals and Activities of ICTP and
Future Outlook” and to give a talk about ICTP to IAEA Permanent Missions,
23-24 February 2012
Information meeting with UNESCO delegations, 24 May 2012
Visits to various institutions in China to discuss the possibility of setting up an
ICTP branch in China, 16-29 September 2012
Speaker at the Science and Technology in Society Forum, Kyoto, Japan, 7-9
October 2012
Workshop on Entrepreneurship for Physicists and Engineers from Far Eastern
Developing Countries, Jakarta, 3-7 December 2012 to discuss the
establishment of an ICTP Branch in Indonesia
M. Cicoli

Invited talks
19 Jan 2012: String Theory Seminar, DAMTP, Cambridge
21 Feb 2012: Theory Seminar, SNS, Pisa, Italy
30 Mar 2012: Contemporary Problems in Theoretical Physics, 30 Mar-4 Apr
2012, Vietri, Italy, plenary speaker
26 Apr 2012: String Phenomenology Workshop, 23-27 Apr 2012, Simons
Center, Stony Brook, USA, plenary speaker
31 May 2012: Mextrings 2012, 30 May-2 Jun 2012, UNAM, Mexico City,
plenary speaker
25 Jun 2012: String Phenomenology 2012, 25-29 Jun 2012, Cambridge, UK,
plenary speaker
04 Jul 2012: Theory seminar, DESY, Hamburg
27 Sep 2012: New Challenges for String Phenomenology, 26-28 Sep 2012,
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Madrid, plenary speaker
04 Oct 2012: Unification and String Theory, 1-5 Oct 2012, Bad Honnef,
plenary speaker
15 Dec 2012: Opening ceremony of the 2012/13 Academic Year, 15 Dec 2012,
Bologna
Other Seminars
9 Feb 2012: Theory Seminar, ICTP, Trieste
12 Mar 2012: Joint SISSA/ICTP String Journal club, ICTP, Trieste
07 Jun 2012: PASCOS 2012, 3-8 Jun 2012, Merida, Mexico

Staff and Long-Term Visitors
Professional Staff
F. Quevedo, Guatemala, ICTP Director

Consultants
M. Serone, Italy
M. Bertoli, Italy

Long-term Visiting Scientists
S. de Alwis, Sri-Lanka/USA, sabbatical
Jin U, North-Korea)
M. Quiros, Spain
G. von Gersdorff, Germany

Post-doctoral Fellows
M. Cicoli, Italy
R. Valandro, Italy
L. Aparicio, Spain

Short-term Visitors
C. Burgess, Canada
S. Krippendorf, Germany
C. Mayrhofer, Austria

PhD Students
A.A. Nizami, India
D. Scruton, Germany
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POSTGRADUATE DIPLOMA PROGRAMME

Talented young science students in developing countries are sometimes limited in achieving their
full potential by the absence of advanced postgraduate-level training that is up to international
standards. It was in 1991 that Abdus Salam instituted an intense 12-month Diploma Programme
in the (then) main research fields of the ICTP, namely Condensed Matter Physics, High Energy
Physics and Mathematics. Starting from September 2006, the Postgraduate Diploma Programme
also includes the branch of Earth System Physics. A new programme in Basic Physics started in
September 2007 (details are given below).
The ICTP Postgraduate Diploma Programme is a gateway for young people who might
otherwise never have a chance to reach international standards in physics and mathematics, or to
more fully realize their intellectual potential. Former students from the very earliest batches, who
have returned home (having completed the usual academic training of a PhD and a couple of
postdocs), are now applying for ICTP Junior Associateships and for participation in ICTP
activities. They are training students of their own, some of whom may apply to the ICTP
Postgraduate Diploma Programme, thus closing Salam’s virtuous circle.
The Postgraduate Diploma Programme differs from other ICTP training/research activities such
as schools/colleges: the Diploma period is one year, the level is pre-PhD, the participants are
younger; and the number is small. From about 100 applicants to each of the four regular Diploma
programmes, only 10 students are admitted in each. All 40 are given full support, covering airfare
and living costs. The focus is especially on those developing countries for which high-quality
advanced scientific training is less accessible. In the 2011-12 batch, the 37 students who joined
came from 24 countries: Armenia, Bangladesh, Benin, Cameroon, Chad, Cuba, Egypt, Ethiopia,
Guatemala, Indonesia, Iran, Kenya, Mozambique, Nepal, Nigeria, People’s Republic of the Congo,
Pakistan, Philippines, Senegal, Sri Lanka, Sudan, Thailand, Venezuela and Vietnam.
The one-year academic programme itself is quite intense, and consists of three terms covering
basic courses, advanced topics, and dissertation research under a supervisor. During the first and
second terms, covering 9 months of the Postgraduate Diploma Programme, students attend
around 10 hours a week of lectures, with problem sets and final exams in each of the 8-10 courses
(see next page). Standards are maintained: students are asked to leave if they fail in two or more
courses, or if their final average grade is below a C, or if their dissertation is unsatisfactory. The
vast majority (91%) of the 661 students over the past twenty-one years, have successfully
surmounted these hurdles, whatever their initial background.
After obtaining the ICTP Diploma, most students go on to do a PhD in Europe or North
America, or return to jobs as college teachers, or register for PhD in their home countries. In the
2011-12 batch of 34 total students who received their Diplomas, the PhD placements include:
Universities of Waterloo Canada, Missouri, Stuttgart and SISSA for CMP Diploma; King’s
College London and SISSA for HEP Diploma; Universities of Sherbrooke Canada, Auburn,
Kaiserslautern and SISSA for MTH Diploma; Texas University Houston and Max Planck
Institute Hamburg for ESP diploma. The others took up PhD registrations or teaching positions
in their home countries.
A new diploma programme in Basic Physics started in September 2007, designed to provide
young physicists and mathematicians coming from sub-Saharan Africa with the intent to pursue
further studies at the graduate level. During the academic year 2011-12, 15 students joined this
programme, and came from 10 countries: Bangladesh, Bolivia, Ethiopia, Kenya, Nigeria, P. R. of
the Congo, Sudan, Togo, Uganda and Zimbabwe. Of the 10 who got their basic physics diploma, 7
were admitted to the regular diploma programmes (3 in HEP, 2 in CMP, and 2 in ESP). One was
admitted to a MSc Programme at Université Pierre et Marie Curie in Paris, France, one to the
International Master Course on Physics of Complex Systems, and one to the Joint
ICTP/University of Trieste Laurea Magistralis in Physics.
The Postgraduate Diploma Programme web page is at http://diploma.ictp.it
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Fig. 1: Geographical distribution of Diploma students 1991-2012. The total number of students is 748.

The 2011-2012 ICTP Postgraduate Diploma Programme in Brief
1 September 2011 through 31 August 2012
First term: September-December 2011

Second term: January-May 2012

Course of Study: Condensed Matter Physics — Co-ordinator: S. Scandolo (ICTP)
First term:
Mathematical Techniques (16.5 hrs)
V. Lukose (ICTP)
Advanced Quantum Mechanics (45 hrs)
G. Santoro (SISSA) and R. Gebauer (ICTP)
Numerical Methods (36 hrs)
E. Coppola, L. Mariotti, G. Söyler,
C. Pinilla, A. Andreanov (ICTP)
Statistical Mechanics (36 hrs)
M. Müller, A. Scardicchio (ICTP)
Electrons and Phonons in Solids (36 hrs)
N. Binggeli, N. Stojic (ICTP)
Second term:
Many-Body Fundamentals (24 hrs)
A. Nersesyan (ICTP)
Advanced Statistical Mechanics (18 hrs)
A. Silva (ICTP)
Many Body Phenomenology (24 hrs)
M. Kiselev (ICTP)
Biological Physics (18 hrs)
M. Vendruscolo (Cambridge
University), R. Hong (SISSA)
Electronic Structure (18 hrs)
S. De Gironcoli (SISSA)
Selected Topics in CMP (24 hrs)
V. Lukose, N. Seriani (ICTP)
Course of Study: High Energy Physics — Co-ordinator: K.S. Narain (ICTP)
First term:
Introduction to Particle Physics (33 hrs)
A. Smirnov (ICTP)
Lie Groups and Lie Algebras (30 hrs)
G. Bonelli (SISSA)
Quantum Electrodynamics: Introduction
to Quantum Field Theory (27 hrs)
S. Randjbar-Daemi (ICTP)
Relativistic Quantum Mechanics (30 hrs)
E. Gava (ICTP/SISSA)
Second term:
General Relativity (36 hrs)
P. Creminelli (ICTP)
Quantum Field Theory (37.5 hrs)
K.S. Narain (ICTP), M. Serone (SISSA)
The Standard Model (30 hrs)
G. Senjanovic (ICTP)
SUSY Field Theory (21)
M. Bertolini (SISSA)
Cosmology (21 hrs)
R. Sheth (ICTP)
Course of Study: Earth System Physics — Co-ordinator: F. Kucharski (ICTP)
First term:
Introduction to the Physics of the Earth
G. Panza (Un. Trieste/ICTP)
System (18 hrs)
F. Kucharski and R. Farneti (ICTP)
Mathematical Methods (18 hrs)
J. Niemela (ICTP)
Wave Physics (18 hrs)
F. Romanelli (Trieste University)
Atmospheric Thermodynamics (18 hrs)
A. Tompkins (ICTP)
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Physics of the Oceans (18 hrs)
Numerical Methods (40.5 hrs)
Second term:
Physics of the Atmosphere (18 hrs)
Mechanics of Earthquakes and
Tectonophysics (18 hrs)
Seismology (18 hrs)
Fluid Mechanics(18 hrs)
Climate Dynamics (18 hrs)
Biogeochemical Cycles (18 hrs)
Hydrology (18 hrs)
Environmental Data Analysis (18 hrs)
Remote Sensing and Observational
Seismology (18 hrs)

M. Gacic, P. Poulain, A. Crise (O.G.S.)
E. Coppola, L. Mariotti, C. Pinilla,
G. Soyler, G. Tefera Diro
A. Tompkins (ICTP)
A. Aoudia (ICTP),
F. Romanelli (Trieste University)
R. Farneti (ICTP)
F. Kucharski (ICTP)
F. Solmon (ICTP)
E. Coppola (ICTP)
A. Peresan (Trieste University),
D. Giaiotti and F. Stel (ARPA FVG)
M. Guidarelli, I. Hamling (ICTP)

Course of Study: Mathematics — Co-ordinator: L. Göttsche (ICTP)
First term:
Point-set Topology (30 hrs)
B. Zimmermann (Trieste University)
Differential Geometry (27 hrs)
C. Arezzo (ICTP)
Differential Equations
S. Luzzatto (ICTP)
and Dynamical Systems (15 hrs)
Real Analysis (30 hrs)
E. Sincich (Trieste University)
Complex Analysis (30 hrs)
F. Vlacci (University of Firenze)
Second term:
Partial Differential Equations (45 hrs)
G. Bellettini (Univ. of Rome “Tor Vergata”)
Abstract Algebra (30 hrs)
M. Thakur (Indian Statistical Institute)
Algebraic Topology (15 hrs)
D. Repovs (Ljubljana)
1) Differential Equations
and Dynamical Systems II (15 hrs)
Ergodic Theory (15 hrs)

S. Luzzatto (ICTP)

2) Algebraic Geometry (30 hrs)

V. Beorchia (University of Trieste)

G.F. Alves (Universidade do Porto)

Course of Study: Physics — Co-ordinator: S. Randjbar-Daemi (ICTP)
First term:
Mathematical Methods (51 hrs)
K. S. Narain (ICTP)
Classical Mechanics (30 hrs)
M. Fabbrichesi (SISSA)
Quantum Mechanics (37.5 hrs)
G. Thompson (ICTP)
Advanced Electromagnetism (30 hrs)
M. Fabbrichesi (SISSA)
Second term:
Statistical Mechanics (45 hrs)
M. Marsili, A. Scardicchio (ICTP)
Advanced Quantum Mechanics (45 hrs)
G. Santoro (SISSA)
Solid State Physics (30 hrs)
S. Scandolo (ICTP)
Relativistic Quantum Mechanics (30 hrs)
E. Gozzi (Trieste University)
Physics of the Earth System (27 hrs)
F. Kucharski, A. Tompkins, A. Aoudia,
R. Farneti (ICTP)
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JOINT PROGRAMMES IN HIGHER EDUCATION

ICTP-IAEA SANDWICH TRAINING
EDUCATIONAL PROGRAMME (STEP)

The ICTP-IAEA Sandwich Training Educational Programme (STEP) aims at offering fellowship
opportunities to PhD candidates from developing countries. The scientific fields covered by the
programme are those falling in the scientific and technical competence of ICTP and its
collaborating institutions. In 2012 the programme was funded by the ICTP, the IAEA
Department of Technical Cooperation, CEI (Central European Initiative), the Italian Funds in
Trust with UNESCO, the TWAS (the Academy of Sciences for the Developing World), and the
National Centre for Physics, Pakistan (NCP).
The programme is addressed to PhD students in developing countries who are offered
fellowships of 3-6 month stay each year, for 3 successive years at ICTP or at collaborating
institutions (Elettra Synchrotron Light Laboratory, Laser Laboratory, ICGEB, ICS-UNIDO,
Universities of Trieste, Udine, Bologna, Padua, ARPA, IAEA Laboratories in Seibersdorf, Jozef
Stefan International Postgraduate School in Ljubljana, Hospitals of Udine and Trieste, INFN,
TASC, and others). Fellows can thus work on their PhD theses on a sandwich basis with their
supervisors at their home institutes and co-supervisors at the hosting institutes. Their PhD is
awarded at their home institutes.

2012 Fellows Financially Supported by IAEA:
Gulnura B. ABASOVA (F), Kyrgyzstan
Period of visit: 2 February - 30 April 2012
Topic or title of PhD thesis: Assessment of Uranium Tails to Population of Minkush Village
Hanan Fawzy ALI SHARAF EL DIEN (F), Egypt
Period of visit: 15 October 2011 - 12 January 2012
Topic or title of PhD thesis: Synthesis, Structural and Spectral Properties of Rare Earth Doped
YAG Nanoparticles to Be Used in Laser System
Odumah Christiana ANDERSON (F), Ghana
Period of visit: 29 September - 25 December 2012
Topic or title of PhD thesis: Development of INAA Technique to Determine Mineral Profile of
Some Ghanaian Marine and Fresh Water Fishes
Vasili Viktorovich ANDREYEU (M), Belarus
Periods of visit: 26 March - 25 May, and 27 August - 23 October 2012
Topic or title of PhD thesis: Effects of New Heavy Gauge Bosons and Anomalous Gauge
Couplings at High Energy Hadron and Lepton Colliders
Ali Mohamed ATTA (M), Egypt
Period of visit: 16 September 2011 - 14 January 2012
Topic or title of PhD thesis: Studies on the Induced Changes of Some Material Surfaces due to
Charged Particles Bombardment
Marcos Vinicius COLAÇO GONÇALVES (M), Brazil
Period of visit: 2 May - 30 August 2012
Topic or title of PhD thesis: Synchrotron Radiation Applied to Biological Materials
Characterization
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Mohammed Abd Alaziz Halato Asola HALATO (M), Sudan
Period of visit: 9 September 2012 - 8 January 2013
Topic or title of PhD thesis: Dosimetry for Boron Neutron Capture Therapy
Anel HERNANDEZ GARCES (M), Cuba
Period of visit: 2 December 2012 - 23 March 2013
Topic or title of PhD thesis: Inclusion of Radioactive Tracers in a Regional Climate Model for
Environmental and Climate Studies
Ilona MATVEYEVA (F), Kazakhstan
Periods of visit: 15 February - 14 May, and 24 September - 21 December 2012
Topic or title of PhD thesis: The Migration Features of Uranium Series Radionuclides in the
Environment of Uranium Ore Extraction and Processing Sites
Puleng Nontobeko MBUYISA (F), South Africa
Period of visit: 2 April - 1 August 2012
Topic or title of PhD thesis: Synthesis and Characterization of CNT-ZnO Nanostructures
Olubunmi Oluyemi Akinbobola OBASEKI (F), Nigeria
Period of visit: 1-22 September 2012
Topic or title of PhD thesis: Phytoextraction of Heavy Metals from Contaminated Soil
Felix E. PINO ANDRADES (M), Venezuela
Period of visit: 1 September - 31 December 2012
Topic or title of PhD thesis: Development of Innovative Technologies for Sensitive Iosotope
Identification
Pavel V. SHPAK (M), Belarus
Period of visit: 16 March - 16 July 2012
Topic or title of PhD thesis: Raman Conversion of Laser Radiation in Solid-State Lasers
Raheem ULLAH (M), Pakistan
Period of visit: 1 September - 27 December 2012
Topic or title of PhD thesis: Structural and Functional Studies of Membrane Protein Using
Biophysical Methods
Haichao XU (M), China
Period of visit: 2 April - 30 July 2012
Topic or title of PhD thesis: Strong Correlated Electron System

2012 Fellows Financially Supported by Central European Initiative
(CEI):
Marianna IAKHNENKO (F), Ukraine
Period of visit: 13 March - 10 June 2012
Topic or title of PhD thesis: Spectroscopic Study of Cytidine and its Bioactive Aza-Derivatives

2012 Fellows Financially Supported by ICTP:
Eslam El-Sayed ABD EL-TWAB (F), Egypt
Period of visit: 23 May - 19 August 2012
Topic or title of PhD thesis: Structural and Magnetic Properties of Some Nanomagnetic
Multiferroics
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Ibrahim Bamidele ADETUNJI (M), Nigeria
Period of visit: 1 July - 31 October 2012
Topic or title of PhD thesis: First Principles Study of the Electronic, Structural, Thermal, and
Optical Properties of Zinc-Blend Semiconductors Alloy
Ohene Ernest ASARE (M), Ghana
Period of visit: 15 December 2012 - 13 March 2013
Topic or title of PhD thesis: Using CHYM Water Balance Model to Monitor Climatic Impact on
Mosquito Breeding
Titike Kassa BAHAGA (M), Ethiopia
Period of visit: 1 June - 30 November 2011
Topic or title of PhD thesis: Large-Scale and Major Circulation Pattern Influences on Greater
Horn of African Climate Variability and Potential for Predictability of High Impact Weather and
Climate
Maseim Bassis KENMOE (M), Cameroon
Period of visit: 8 August - 7 December 2012
Topic or title of PhD thesis: Jahn-Teller Effects in Higher Symmetric Molecules and Quantum
Computation
Rodrigo NEUMANN BARROS FERREIRA (M), Brazil
Period of visit: 16 March - 30 June 2012
Topic or title of PhD thesis: Multiscale Magnetism: from First-Principle to Finite-Temperature
Nurapati PANTHA (M), Nepal
Period of visit: 31 May - 31 October 2012
Topic or title of PhD thesis: Study of the Structure of CH4-H2O (Methane Hydrate) clathrates
with Ab Initio Methods
Ignacio SALAZAR (M), Argentina
Period of visit: 6 March - 5 July 2012
Topic or title of PhD thesis: Gauge/Gravity Duality and its Applications to Condensed Matter
Physics
Evelyne N’datchoh TOURE (F), Côte d’Ivoire
Period of visit: 1 October 2012 - 24 January 2013
Topic or title of PhD thesis: Study of Interaction Between Savanna Fire and Regional Climate
Over West Africa: A Dynamical Approach
Ambreen UZAIR (F), Pakistan
Period of visit: 17 July - 14 November 2012
Topic or title of PhD thesis: Aspects of Electronic Transport and Collective Modes in Graphene
and Topological Insulators

2012 Fellows Financially Supported by the Italian Funds in Trust with
UNESCO:
Jean Pierre BELL (M), Cameroon
Period of visit: 2 September 2011 - 31 March 2012
Topic or title of PhD thesis: The Influence of Land-Surface Processes of Rainfalls Generated by a
Regional Model in the Congo Basin - Case of RegCM
Segun Olawale BOLAJI (M), Nigeria
Periods of visit: 1 March - 31 August 2012
Topic or title of PhD thesis: Inter-Relationship Between Equatorial Tec, Scintillation of GPS
Signal and Geomagnetic Field Variations
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Ismaïla DIALLO (M), Senegal
Period of visit: 22 January - 21 July 2012
Topic or title of PhD thesis: Investigating Regional Decadal Variability of African Monsoon
Systems
Dick Heartmann DOUMA (M), Congo
Period of visit: 29 September 2011 - 26 June 2012
Topic or title of PhD thesis: Electron Transfer in Sensitized Semiconductor Surfaces from the
Time-Dependant Density Functional Theory: Applications to Dye-sensitized Solar Cells
Komlan Segbeya GADEDJISSO-TOSSOU (M), Togo
Period of visit: 4 May - 30 October 2012
Topic or title of PhD thesis: An InAs/AISb Quantum Cascade (QC) Laser Emitting in Mid
Infrared for Analysis of Gases
Nigussie Gereme MELESSEW (M), Ethiopia
Period of visit: 1 February - 31 July 2012
Topic or title of PhD thesis: Three-Dimensional Ionospheric Specification Model in Ethiopian
Region
Evariste Heutchi NGATCHOU (M), Cameroon
Period of visit: 6 May - 30 August 2012
Topic or title of PhD thesis: GS Geodesy Along Cameroon Volcanic Line
Léontine NKAGUE NKAMBA (F), Cameroon
Periods of visit: 15 March - 11 June 2012
Topic or title of PhD thesis: Mathematical Modelling and Numerical Simulation for the Control
of Meningitis
Phillip Wilfsen Otieno NYAWERE (M), Kenya
Periods of visit: 1 July -31 August 2012
Topic or title of PhD thesis: First Principle Molecular Dynamics Calculation of the Superionic
Properties of BaF2 and La:BaF2
Larby RAHILI (M), Morocco
Period of visit: 4-31 August 2012
Topic or title of PhD thesis: Phenomenology of Extended Higgs Sector at LHC and ILC
Elisa Josiane RINDRAHARISAONA (F), Madagascar
Period of visit: 23 June - 23 August 2012
Topic or title of PhD thesis: Tectonic Evolution, Provenance Analysis of the Madagascar Rift
System and Currently Kinematic for Somalia-Nubia Using a Data Collected in Madagascar
Modathir Abdalla Hassan ZAROUG (M), Sudan
Period of visit: 5 March - 31 August 2012
Topic or title of PhD thesis: Impact on Global Climate Change on the Rainfall and River Flow
Over the Nile Basin
Tadesse Terefe ZELEKE (M), Ethiopia
Period of visit: 12 September 2011 - 10 July 2012
Topic or title of PhD thesis: Customization and Adaptation of ICTP RegCM3 for Current and
Future Climate Change Impact Studies Over Eastern Africa
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2012 Fellows financially supported by the Academy of Sciences for the
Developing World (TWAS)
Pavel V. REDKIN (M), Uzbekistan
Period of visit: 20 July - 4 October 2012
Topic or title of PhD thesis: Theoretical Simulation of Soft X-Ray Generation by High-Order
Harmonic Generation in Laser-Produced Plasma

2012 Fellows financially supported by the National Centre for Physics,
Pakistan
Rafaqat HUSSAIN (M), Pakistan
Period of visit: 10 January - 10 September 2012
Topic or title of PhD thesis: Synthesis and Characterization of Magnetic Nanostructures for
Spintronics Applications
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LAUREA MAGISTRALIS

The course is covered in two academic years, and is administered by the ICTP Training and
Research in Italian Laboratories (TRIL) Programme.
The Italian ‘Laurea Magistralis’ degree corresponds to an advanced master’s degree. The
programme is open to anyone having the equivalent of a bachelor’s degree in physics. A limited
number of fellowships are awarded to the best students from developing countries. Upon
successful completion of the entire study plan, students are awarded a degree from the University
of Trieste.
Eight students were supported in 2012—three in the first year of study (from Nepal, Ethiopia and
India), two in the second year of study (from Ethiopia and Nepal) and one from Ghana who had
extended his stay. Another two new students (from Vietnam and Sudan) were selected and started
their training track at the University of Trieste in the fall of 2012.
Within 2012, three students interrupted their studies and one student extended his stay to defend
his thesis in March 2013.
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JOINT PROGRAMMES IN HIGHER EDUCATION

PHD PROGRAMME IN ENVIRONMENTAL
AND INDUSTRIAL FLUID MECHANICS
WITH THE UNIVERSITY OF TRIESTE

Scientific Objectives
Fluid mechanics studies the properties and behaviour of fluids, that is, liquids, gases, plasma, and
more generally of substances whose molecules have no fixed positions in space but can move
relative to each other with different relative speeds. It involves rather advanced physical
phenomena and has a broad range of applications. Most environmental systems involve the
dynamics of water and gases that is described in terms of fluid mechanics, e.g., diffusion of
pollutants, or issues of marine and atmospheric meteorology. Similarly, biological systems are
regulated by transport and dispersion of elements or species in water, air, and blood. Many
industrial problems are concerned with fluid processes: for instance in transportation (automotive,
aeronautic) applications, or in processes where chemical-fluid dynamic interaction is expected.
The fundamental laws upon which this discipline is based are the balance equations (conservation
of mass, energy, momentum), which are generally expressed by partial differential equations,
often highly complex, whose study requires the application of different methods of advanced
mathematics and is a research field of high theoretical relevance. The numerical resolution of
these equations often requires the development of sophisticated computational techniques. The
Doctorate School in Environmental and Industrial Fluid Mechanics aims to prepare students in
the field of fluid dynamics and in particular in the study of processes involving fluid flows and
their transport, dispersion and mixing properties, in the environmental or industrial processes, as
well as their interaction with the solid elements.

Educational Objectives
The main objective is to provide students an adequate knowledge in fluid dynamics, mathematical
methods, large-scale physics flows and industrial applications. The program aims to prepare
students to pursue different careers in research, teaching and in the industrial use of high
technologies in the above mentioned areas. The final dissertation must be original, represent the
state of the art in the chosen field and contain material for the publication of scientific papers in
international journals of the field included in the ISI or SCOPUS catalog. The students will be in
contact with several local and international environments and gain a considerable experience in
both theoretical and applied problems of fluid dynamics. In addition, the students will develop
familiarity and competence in the use of more advanced tools (both modeling and experimental)
for the analysis of complex physical systems, which will be of great use for future activities in
public or private research centers or for any work in companies with high technological content.
All students must follow a program of courses in order to achieve adequate skills in mathematical
methods, fluid dynamics, computer science, oceanography, and dynamics of the lower atmosphere.
In particular, “core courses” and “research-based courses” are offered. The core courses must
provide the tools for understanding the physical phenomena involved and will focus on topics of
mathematics (partial differential equations, numerical analysis, statistics), computer science, basic
and advanced fluid dynamics, computational fluid dynamics, experimental techniques in fluid
dynamics. The research-oriented courses will include research-based geophysical fluid dynamics,
physics and modeling of turbulence, physical oceanography, dynamics of the lower atmosphere,
advanced mathematical methods for the study of qualitative properties of some classes of
nonlinear differential equations of interest in fluid dynamics, numerical methods for the
development of computational techniques. There will also be periodic seminars taught by experts,
to which students are expected to attend. We further note that:
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• there are no similar programs of Industrial and Environmental Fluid Mechanics in the region
Friuli Venezia Giulia;
• the program has a partnership with foreign programs;
• the school program creates a strong link between national and international research bodies
and institutions operating in the city of Trieste, in the region Friuli Venezia Giulia and in the
Alpe-Adria region (ICTP, OGS, CNR-ISMAR, OSMER-FVG, ENEA);
• the college faculty is composed of mathematicians, physicists and engineers working in
complete synergy in the understanding of physical problems and in the knowledge of
mathematical and computational models.

Statistics
To date there are 36 students who have either completed or are working towards their PhD. Of
these, 16 have graduated within 2012. In terms of gender, 47% of the total number of students are
female, and 36% come from developing countries.
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JOINT PROGRAMMES IN HIGHER EDUCATION

JOINT INTERNATIONAL ICTP/SISSA PHD (JIISP)
PROGRAMME IN PHYSICS AND MATHEMATICS

ICTP and the International School for Advanced Studies (SISSA) offer the opportunity to the
Postgraduate Diploma Students, who successfully completed the programme, to carry out their
PhD studies in the fields of Mathematics and Physics.
At the end of the three-year PhD course, successful candidates are awarded a SISSA PhD degree
and given a certificate of participation in the Joint International ICTP/SISSA PhD programme
(JIISP Certificate).
Six Postgraduate Diploma students 2010-2011 were admitted to the Joint International
ICTP/SISSA PhD Programme, starting Autumn 2011:
Condensed Matter Physics

Eyob Kebede Chere (Ethiopia)

High Energy Physics

Cong Huy Pham (Vietnam)
Victor Giraldo (Colombia)

Mathematics

Thi Ngoc Truong (Vietnam)
Marks Ruziboev (Uzbekistan)
Pavel Silveira Diaz (Cuba)

Five Postgraduate Diploma students 2011-2012 were admitted to the Joint International
ICTP/SISSA PhD Programme, starting Autumn 2012:
Condensed Matter Physics
High Energy Physics

Thuon Thi Nguyen (Vietnam)
Javier Pardo Vega (Cuba)

Mathematics

Juan Vasquez Carmona (Venezuela)
Fikreab Solom Admasu (Ethiopia)
Khadim War (Senegal)
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JOINT PROGRAMMES IN HIGHER EDUCATION

JOINT ICTP/COLLEGIO CARLO ALBERTO
PROGRAM IN ECONOMICS

The joint UNESCO-ICTP/Collegio Carlo Alberto Program in Economics is a one- to two-year
programme, hosted at the Collegio Carlo Alberto in Turin, Italy, leading to a Master of Arts
degree. The Allievi Honors Program is a two-year program that aims at enhancing the students’
education in economics and statistics to help them succeed in their future academic or professional
careers.
Upon successful completion of the program, the Allievi are awarded the Laurea Magistralis
degree from the University of Torino or the Politecnico of Torino, and the Master of Arts degree
in Economics from the Collegio Carlo Alberto. The Master’s Program in Economics is a one year
program which aims at endowing its students with advanced training in modern economic theory
and methods.
Upon successful completion of the program, the student is awarded the Master of Arts degree in
Economics from the Collegio Carlo Alberto.
Four students have been selected of whom two (Bah Tijan from Gambia and Dagim Yoseph
Menghesa from Ethiopia) have successfully enrolled in the Master’s program and are currently
following the courses.
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JOINT PROGRAMMES IN HIGHER EDUCATION

MASTER’S IN THE PHYSICS OF COMPLEX SYSTEMS

ICTP cooperates with SISSA Trieste, Politecnico di Torino University and a consortium
involving Universities Pierre and Marie Curie (Paris 6), Paris Diderot (Paris 7), Paris-Sud (Paris
11) and the École Normale Supérieure at Cachan in providing education to graduate students
from developing countries on the Physics of Complex Systems leading to a Laurea Magistralis
degree.
The aim of the international master in Physics of Complex Systems is to shape professionals
and/or potential researchers to be able to jointly apply knowledge and methodologies from
modern physics, applied mathematics, information engineering and computational biology to the
analysis, modeling and simulation of complex systems.
ICTP-SISSA has hosted the first batch of 11 students in the first semester of 2011-2012 academic
year, who have then moved to Torino for the following semester. Of two students supported by
ICTP, Junaid Muhammad has instead moved to a Master’s degree on nanotechnologies in
Politecnico di Torino Kiana Mansourpour has successfully completed the semester in Torino and
moved to Paris for the third semester. She and her fellow Italian and French students will again
be hosted at ICTP for the Spring College on the Physics of Complex Systems in May-June 2013.
ICTP-SISSA has welcomed the second batch of students of the Master programme in September
2012, composed of 14 students, for their first semester. ICTP is supporting one student, Bashar
Mohammed.
The scientist in charge for the programme at ICTP is Matteo Marsili of the Condensed Matter
and Statistical Physics section.
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ASSOCIATESHIP SCHEME

The Associate as well as the Federation Arrangement Schemes represent two main channels
through which the vocation of ICTP for the promotion and development of scientific knowledge
in Third World countries has been turned into reality. In particular, the Associateship Scheme
enables individual scientists to maintain long term formal contacts with the stimulating and
active scientific environment of ICTP.
It has to be stressed that all evaluation Committees of ICTP activities, as well as its mother
institutes, IAEA and UNESCO, have expressed their high appreciation for the excellence and
efficiency of these programmes and for the results which have been achieved through them.

Changes in Terms and Conditions
Starting in 2007, Junior and Regular Associates have been assigned a local individual scientific
coordinator with whom they are expected to plan the scientific programme they wish to carry out
during their Associate visits. The scientific coordinator should be in contact with the Associate
during his/her visit.
With a view to improve the general conditions for Associate members, starting in 2010, there
have been some changes in the Scheme’s terms and entitlements.
In fact, 2010 awardees have different allocations (see Standard Scheme for details), whereas terms
and conditions of awards issued prior to 2010 remain unchanged.
Also, starting 2011 Associates have received a per diem increase of €5,00 and an extra €5,00
increase in per diem was applied to each category for 2012 visits.
As of 2012, in order to keep their award active, Associate members were requested to provide the
Associates Office with a visit plan, within the first three years of their appointment. Failure to
meet this requirement would result in the termination of their award.
Special emphasis has been placed on the publications produced by our Associates since the start of
their award. The work is currently in progress but we are able to give a snapshot of the current
information we have at hand, as follows: 324 Associates produced 3515 publications since the
start of their award, resulting in an average of 9.2 publications for each Associate member.

The Standard Scheme
The Associateship Scheme currently includes Junior, Regular, Senior, and Group Associates.
Junior Associates
Young Third World scientists coming from geographically isolated areas may be nominated
Junior Associates. Starting from 1999, the Junior Associateship award has a six-year duration
throughout which the Junior Associate is entitled to spend up to 210 days (with a maximum
duration of 70 days for any single visit) at ICTP, with three fares paid. A fare will be granted for
visits having a minimum duration of 35 days. For each visit, ICTP provides a daily living
allowance. The age limit for a Junior Associate nomination is 35.
Regular Associates
These are Third World scientists entitled to spend up to 210 days (with a maximum duration of
70 days for any single visit) at ICTP or at a partner institute over a period of six years, with three
fares paid. A fare will be granted for visits having a minimum duration of 35 days. For each visit
ICTP provides a daily living allowance. Age limits for Regular Associates are between 36 and 45,
at the time of nomination.
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Senior Associates
Third World scientists who have acquired international scientific status may be nominated Senior
Associates. They are entitled to the sum of €8,000 to be spent during the six-year period of their
appointment. These funds are made available for visits in the form of a daily living allowance
and/or travel expenses. Senior Associates may pay visits either to ICTP or to a partner institute
(with a maximum duration of 70 days for any single visit). The age limit for a Senior Associate
nomination is 62.
Group Associates
Starting in 1999, ICTP decided to reinstate the possibility of applying for Group Associations.
Each group will avail of a number of Associateship privileges depending on the number of
components of the group, such as to allow each member of the group at least one visit at ICTP
during the period allocated.
Partnership visits
The implementation of this programme depends on the establishment of an agreement between
ICTP and another scientific institute, located in an advanced country.
Once a partner institute is established, Regular and Senior Associates may utilize their privilege
to visit such institute instead of ICTP. The agreement also foresees that partner institutes take
care of part of the expenses involved, while ICTP grants the standard daily living allowance
and/or travel support, where applicable. Currently there are 14 partner institutes:
Australia
National Institute for Theoretical Physics, University of Adelaide
Belgium
Department of Physics, University of Antwerp
Department of Soil Management and Soil Care, University of Ghent
Finland
High Energy Physics Division, Department of Physics, University of Helsinki
France
Institut Universitaire des Systèmes Thermiques Industriels, Marseille
Germany
Institut für Techno- und Wirtschaftsmathematik, Kaiserslautern
Microstructure Laboratory and Technical Physics, University of Würzburg
Italy
Department of Mathematics, University of Pavia
Department of Nuclear and Theoretical Physics, University of Pavia
Department of Physics “A. Volta”, University of Pavia
Department of Physics, University of Pisa
CNIT - Consorzio Nazionale Interuniversitario per le Telecomunicazioni, Pisa
ECT - European Centre for Theoretical Studies in Nuclear Physics and Related Areas, Trento
United States of America
Institute for Fusion Studies, University of Austin, Texas
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Modification in Selection Procedure
To speed up the whole process, from the input of applications to the selection of candidates and
feedback on behalf of the relevant scientific committees, as of 2011 an on-line application system
was introduced. As specified on our web site, applications for the next selection should be
submitted from 1 October to 31 January.

Identification and Selection of Candidates
Through the aforementioned on-line system, the Office collects all Associateship applications
which are usually (but not exclusively) submitted by scientists who have had some interaction
with ICTP (typically participants in courses and workshops) and, at the end of the year, the
applications, divided according to their field of interest, are viewed by the appropriate ICTP
scientific committees. The committees are invited to prepare a priority list of candidates.
The Office previously identified the number of appointments expiring, and took this as well as the
budget allocated for the Programme into account, to define the approximate number of new
appointments for the subsequent year, so that the committees have a clear indication of how many
new appointments would be issued in their field.
Each committee is requested to indicate—with an extra 50% margin—a foreseen number of new
awards in their field, so that in the end, when the general overview of the proposals is at the
disposal of the Office, we can rearrange things in such a way as to respect the geographical
distribution of the Associates. Just to give an indication of the work connected with this
preliminary and essential action, we stress that for about 100 new positions opening each year, we
analyze approximately 1,000 applications.
For their evaluation, committees are invited to take into account the scientific level of the
candidates as emerging from their academic titles and positions and particularly from their
scientific production appearing on international journals.
Finally, we require the Committee to give priority to young active scientists and to women.
The following chart shows the 2012 distribution of Associate Members by field of research.
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The following chart shows the 2012 distribution of Associate Members by geographical area.
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Summary of the 2012 Associateship Programme
a. Number of Associates by Category:
Junior
141
Regular 205
Senior
103
Group
8
Total

457

b. Visits and Costs:
In 2012, 162 Associateship visits were paid to ICTP by 157 scientists, as follows:
Associates’ Visits and Costs
CATEGORY

VISITS

TOTAL DAYS

TOT. EXPENDITURE AVERAGE COST

(EURO)

VISIT

AVERAGE COST

AVERAGE COST

PER DIEM

TRAVEL

Junior

48

2,410

146,613.00

3,054.00

2,410.00

644.00

Regular

77

3,728

249,038.00

3,234.00

2,566.00

668.00

Senior

36

945

81,645.00

2,268.00

1,523.00

745.00

Group

1

36

2,708.00

2,708.00

1,908.00

800.00

Average with respect to a hypothetical full utilization of these groups in 2012:
Associates’ Average Utilization
IN TERMS OF DAYs

IN TERMS OF TRAVEL

Junior

38%

47%

Regular

40%

52%

CATEGORY

Senior

66%

Group

162

IN TERMS OF FUNDS

10%
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25%

General Concise Forecast for 2013 (at 15/1/2012)
a. Number of Associates
Junior
Regular
Senior
Group

118
177
95
8

Total

398

According to the above table, the total number of Associate members in 2013 is 398 as, for
budgetary reasons, it was decided to accept only 3 new Associate awards in the newly established
Astroparticle Physics field, i.e., 2 Junior and 1 Regular Associate.
b. Expected Visits
Junior
74
Regular
118
Senior
58
Group
2
Total

252

The above figures show that 63% of the total number of Associates have requested a visit in 2013.
The above figures also show that the total number of 2013 visit requests is slightly higher than
the previous year’s total which was 234, i.e., 62% of the total number of Associates submitted a
request for a visit in 2012.

Associate Quotations
The following quotations have been extracted from the visiting report of 18 Associate members
who paid a visit in 2012.
1) ADHIKARI K. (Nepal, medical physics): Scientific activity at the ICTP has provided me a
great chance to improve my knowledge in the field of medical physics. After attending a school of
Nuclear Knowledge management, I came to know that nuclear knowledge management is one of
the most important topics and I understand it is very important to an underdeveloped country
like Nepal, by sharing and documentation of critical knowledge. I am trying my best to start
knowledge management in my radiotherapy department upon return back to my country. After
my return, I will be able to share my experience, knowledge and learning materials with the office
staff and students in my country. The College on medical physics and training of radiation
protection patients have provided me an opportunity to interact and share knowledge with
qualified professors and other expert in this field which will definitely help me and my country in
the future.
2) BARHDADI A. (Morocco, lasers): My ICTP visits and participation in scientific activities of
the Centre are often helpful, fruitful, and very useful to progress in my research work. They
provided me with very important opportunities to discuss with outstanding high scientists from
different advanced countries. They also allowed me to improve research projects at home
laboratory and increase the cross section for close co-operation and collaboration in some great
international and regional scientific programs. Because ICTP offers an optimum climate for
thinking and concentrating to write valuable scientific papers in the best conditions, my scientific
production generally increases at ICTP.
3) CECCATTO H. (Argentina, condensed matter physics): Around twelve years ago, I created a
group in my home institution working in the interface between Statistical Physics and Machine
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Learning. I was glad to attend some lectures in this School where connections between these two
fields were explored and used to advance them. In addition, two former students of mine also took
part of the activity. Since the beginning of my second period as Senior Associate to ICTP in 2008,
I have been appointed Vice Minister of Argentina’s Ministry of Science, Technology and
Innovative Production. Because of the responsibilities of this position, I have been unable to
continue with my research activities. I take my periodic visits to ICTP, and the participation in
activities like this school, as a way to keep informed about current advances in my fields of
interest, which would help me to continue with my scientific career after the end of the
appointment at the Ministry.
4) FRANCO PENALOZA R. (Colombia, condensed matter physics): In the ICTP I have the
opportunity of be actualized each year, that is the academic events shows to me the new trends
and advances in different aspects of theoretical condensed matter physics, that is very important
for our research group, home institution and in consequence to my country Colombia. In
Colombia we haven’t all the richest of academic material (access to journals, books, etc.) and the
opportunity of be in contact with people that works in these areas.
5) GHOSH D. (India, high energy physics): First of all being an ICTP regular Associate is
counted as an achievement in my scientific career. I have started a long-term project with Prof. G.
Senjanovic and couple of other members of the High Energy Physics Group. This will definitely
boost my research activity. In ICTP, we get the opportunity to meet several other physicists from
across the world which otherwise might not be possible so easily.
6) KALE S. (India, condensed matter physics): As I had mentioned in my earlier reports, I have
seen phenomenal growth in my research career, since I have become an Associate here. I was
selected as a Regular Associate here at ICTP when I was coming from a small institute in Pune,
India. It had a good emphasis on teaching, but limited approach towards research. However, with
this associateship programme under which I have been visiting for last 3 years, my research
group grew. I brought extremely good projects in my institution and also high-impact
publications. It is nice to mention here that due to this growth, I got a better opportunity to now
shift to another university in the same country with bigger mandate towards research and larger
scope for doing high-end studies. I owe most of this credit to my ICTP association. It helps
develop contacts, mutual proposals and that way, not only an individual grows, but the
community around him/her in their working place, also progress.
7) KUMARASINGHE A. (Sri Lanka, condensed matter physics): Firstly, during the visit, I was
able to complete most of the experimental research work as planned and was able to analyze and
assemble the results into a manuscript. Secondly, the outcome of the two experiments conducted
at ELETTRA is positive which has a major impact on the experimental procedures currently
carried out at home as samples prepared at the home institute were investigated during two
beamtimes.
Therefore, the impact on my scientific work at home by this scientific activity at the ICTP is
twofold. Firstly, there will be a good publication in a good journal in near future, and secondly,
based on the results obtained from the experiments conducted during the visit, now we have the
opportunity to direct the experiments at home institute into the correct path by revisiting the
procedures.
8) MELLIT A. (Algeria, Earth system physics): Thanks to the ICTP, my scientific career is well
improved, so, with regard to my contribution in my country. Actually, I’m the Director of new
launched Master on Renewable energy, as well as Director of a New laboratory in Renewable
Energy.
Sure, I will give new ideas and information to my research group. I have got many documents for
my teaching and research activities which will be helpful when I return to my country. I have also
learnt new methods on my research fields.
9) MOHAMADOU A. (Cameroon, condensed matter physics): The impact of the ICTP on my
scientific activity is huge. This influence began when I was in PhD. My PhD has been facilitated
because I have been provided with articles from the ICTP, either when I was visiting the ICTP or
when one of my country mates was visiting the ICTP. Now, I have 2 PhD students, and again it
is the ICTP who facilitates our work.
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10) NABI J. (Pakistan, high energy physics): The amount of my scientific activity at the AS-ICTP
during the 46 days of my visit easily surpasses the amount of activity for the rest of the year. The
environment and facilities provided at the Centre is world-class and this helps me to do more
work in less time. I was particularly contented with the scientific linkages I was able to establish
with researchers in different countries. This certainly would have been much more difficult to
establish from Pakistan.
11) NAM S. (Korea Rep., high energy physics): This is one of few research institutes that I can
visit for an extended period of time, and concentrate on what I am doing. It is also a rare place
that I can meet experts in a neighbouring field which I am interested but had hard time meeting
them in Korea.
The wonderful infrastructure of ICTP made possible that I perform research activities on the day
of arrival, and proximity of guest house to the office at the main building gave me much more
time to do research than back home where one hour of commute is usual.
Since I am serving as the Chairman of Particle Physics Division at the Korean Physical Society
(till end of 2012), it was also very important to broaden my scope to fields outside of my narrow
research field of String theory. ICTP gave me an ample chance to do that when I could meet
people from neighbouring fields, such a particle phenomenology and condensed matter theory.
12) NAQIB S. (Bangladesh, condensed matter physics): The scientific activity at the AS-ICTP
helps me a lot in carrying out research in my home institution. In Bangladesh, there is no other
research group working on strongly correlated electronic systems. Therefore, I have to do my
research in an almost isolated environment. This associateship provides with a unique
opportunity to share views with experts from the international scientific community.
13) RAHMAN M. (Bangladesh, climatology): ICTP is the main focal point to meet all scientists
and researcher together. I could discuss here with each other’s and solve the problem that is not
possible to alone for everybody. ICTP also gives all scientific facilities here to do research works,
which is not possible to get my home country in such type works.
14) UGALDE W. (Costa Rica, mathematics): The most important result of my visit here is the
opportunity to bring my research from my home country to a first level institution like the ICTP.
The projection it gives to the work we do at Costa Rica is by far the most important impact of my
visit here. Secondly, and no less important, is the possibility to take back home all the material,
research and learning experiences I have had at this institute.
15) WANG G. (China, geophysics): My visit to ICTP makes me realize deeply that scientific
exchanging is a so important to researchers from different countries, and ICTP constructs a nice
bridge for us. We could learn a lot from each other through this bridge. Thanks ICTP.
16) WIDATALLAH H. (Oman, condensed matter physics): Since 2001, when I first visited the
ICTP and through my re-current visit to the ICTP I was able to publish over 50 papers. At least
40 % of these have been written during me visits to the ICTP. The rest of the papers have
benefited in different ways form these visits.
17) YAO X. (China, condensed matter physics): The stay in ICTP gave me a perfect environment
to do my research. The active scientific atmosphere here gave me a good chance to communicate
with physicists from all over the world, to learn new knowledge in scientific activities and thus to
lift my research level. All these will be very helpful to my scientific work in my country.
18) ZGHAL M. (Tunisia, lasers): Staying at the ICTP is a unique opportunity for me to discuss
my on-going research activities with well known scientists from different parts of the world.
Participating to the winter college in optics is also very important since I can meet and discuss
with scientists, presidents and executive directors of the major societies active in the field of
optics and photonics namely OSA, SPIE, ICO, EOS, etc.
Accessing to the library resources is also very important for my students’ research work.
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FEDERATION ARRANGEMENTS SCHEME

The main difference between the Associateship Scheme and the Federation Arrangements Scheme
derives from the fact that while the former is addressed to an individual scientist the latter
involves an institution.

The Standard Scheme
Federation Arrangements are contracts of scientific collaboration signed by ICTP and a scientific
institution in a Third World country, whereby the latter may send its junior representatives to
ICTP on a cost-sharing basis. No invitation is sent automatically. All cases are screened by the
relevant activities’ organizing committees or research groups.
The Scheme represents an interesting complementary programme to that of the Associates, in the
sense that they differ under three important respects:
• If appropriately used, more scientists can be exposed to the scientifically stimulating
atmosphere of ICTP because it is not addressed to an individual but to an institute;
• It should represent the basis of a long-term and fruitful co-operation between an institute and
ICTP;
• It should stimulate the local community to make efforts to invest energy and resources to keep
the important link with ICTP alive. In fact, the Scheme always foresees a financial
commitment of the Federated Institute and if such commitment is not respected the agreement
is cancelled.

Change of Policy
To increase the efficiency of the programme and to allow the Federated Institutes to make
medium-term plans, starting in 1999 the duration of the agreements was increased from one to
three years. With a view to simplifying the agreement procedures, starting in 2010, contract
types have been decreased from five to two: one granting a travel contribution of €1,500 and the
other €3,000 for the duration of the agreement. Both contract types foresee a total number of 120
days for visits.

Criteria for the Selection of the Institutes
Experience with this programme and efforts made to avoid misuses have allowed us to identify
some general criteria which we believe should be followed in establishing new Federation
Arrangements:
• We will consider only institutions of high scientific level and in which there is a rather
consistent scientific population;
• We will pay specific attention to institutes in which there are brilliant young people
scientifically active. In fact, one of the drawbacks of the previous utilizations was that in many
cases the institutes were proposing quite old scientists as visitors. If the Scheme has to
contribute to the growing of new, high level competences, we have to—just as we do for the
Associates—keep, as our primary objective, that of performing actions which can have a longterm impact on the local situation. The obvious way to do so is to support active young
researchers;
• Finally, even though this will not be an absolutely strict rule, we will try to establish
agreements with institutes with which we already have significant collaborations, such as
those in which there are (and/or were) prominent Associates or those which are included in
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other ICTP programmes, such as the ICAC Centres. To prevent this policy from leading to
the exclusion of institutes of recent formation which are, however, promising, we will also
make serious efforts to spread the information about the programme to receive more
applications which will then be scrutinized to ensure the adequate scientific level already
established.

Modification in Visit Procedure
Starting in 2011, we implemented an on-line visit application form to speed up the selection
process and feedback on behalf of the relevant activity organizers.
The following chart shows the number of Federated Institutes throughout the years.

Summary of the 2012 Federation Arrangement Programme
In 2012, the ICTP had a total of 105 Federation Arrangements, from 35 member states. The total
number of visits under the programme was 84.
The total number of days available for the three-year programme is 12,660 (i.e., an average total
utilization per year of 4220 days). In 2012, 1970 days were utilized. Accordingly, in terms of days,
the total utilization was 47%.
The total expenditure (daily living allowance and travel contribution when applicable) for 2012
was €84,380. A full utilization of one third of the total available would have implied an
expenditure of €232,380. Accordingly, in terms of funds, the total utilization was 27.5%.

General Concise Forecast for 2013
Total number of Federated Institutes: 107
Visits from Federated Institutes already committed: 3
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TRAINING AND RESEARCH IN
ITALIAN LABORATORIES (TRIL)

Introduction
The Programme of Training and Research in Italian Laboratories (TRIL) offers scientists from
developing countries an advanced experimental counterpart to ICTP’s theoretical research and
lecture-based training programmes. The fields covered by TRIL reflect the lines of interest to the
Centre: physics of condensed matter; physics and energy; physics and technology; earth and
environmental sciences; physics of the living state and a few miscellaneous interdisciplinary
subjects.
The final aim of TRIL is to promote, through direct contacts and side-by-side research,
collaborations between the Italian scientific community and individuals, groups and institutions
in developing countries. The programme thus helps implementing an important aspect of the
mission of ICTP, namely to form and strengthen a permanent scientific elite in developing
countries, aware of local needs and resources and cognisant of those frontiers of science and
technology that are best suited to influence their national progress.
The TRIL fellows are hosted in the Universities and in laboratories, mainly of public research
institutions such as CNR (Italian National Research Council), ENEA (Italian National Agency for
New Technologies, Energy and the Environment), INFN (Italian National Institute of Nuclear
Physics), ST (Sincrotrone Trieste), OGS (National Institute for Oceanography and Experimental
Geophysics) and others. In 2012, the annual financial contribution to TRIL from external sources
was of the same order of the budget provided by ICTP.

Activities in 2012
In accordance with the main goals of the ICTP Strategic Plan 2010-2014 and in collaboration
with 22 Italian laboratories, part of the funds available were used to grant fellowships in line with
the announcement on “Recent Developments in Science and Technology for Renewable Energy”
and to implement ongoing collaboration agreements with various Italian research institutes.
Eighty fellows from 30 countries received support to visit Italian laboratories in 2012. They
generated 86 visits (30 female), of which 41 are new grants and 45 are extensions of previously
awarded grants, for a total of 511.1 person-months. Training and research were carried out in the
following areas:
•
•
•
•
•
•

Physics and Energy
19
Physics and Technology
9
Physics of Condensed Matter
25
Physics of Earth and Environment 16
Physics of the Living State
9
Miscellaneous
8

The training/research took place at the following hosting laboratories:
28 at the various institutes of CNR (National Research Council)
1 IDASC (Institute of acoustics and sensors “Orso Mario Corbino”, Brescia)
7 IOM (Institute of materials, Trieste)
5 IMEM (Institute of materials for electronics and magnetism, Parma and Genoa)
1 IMM (Institute for microelectronics and microsystems, Bologna)
1 INFM (Laboratorio Regionale CNR/INFM, Salerno)
2 ISAC (Institute of atmospheric sciences and climate, Bologna)
7 ISMN (Institute of nanostructured materials, Bologna)
1 ISOF (Institute for organic syntheses and photoreactivity, Bologna)
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2 NANO (Istitute of nanoscience, Modena)
1 ISTM (Institute of molecular science and technologies, Milano)
12 at OGS (National Institute of Oceanography and Experimental Geophysics, Trieste)
11 at Elettra (Elettra-Sincrotrone, Trieste)
10 at the various institutes of ENEA (National Agency for New Technologies, Energy and
Sustainable Economic Development)
2 Frascati Research Centre (Frascati, Rome)
1 UTT-MDB (Portici Research Center, Portici, Naples)
1 UTRINN (Unit for Renewable Energy Sources, Rome)
2 UTTMAT (Technical Unit for Material Technologies, Rome)
1 UTAPRAD (Technical Unit for Radiation Application Development, Rome)
1 UTTP (Technical Unit for Portici Technologies, Portici, Naples)
2 UTTRI (Technical Unit for Trisaia Technologies, Rotondella, Matera)
1 at ICGEB (International Center for Genetic Engineering and Biotechnology, Trieste)
3 at ICTP (Abdus Salam International Centre for Theoretical Physics, Trieste)
5 at INFN (National Institute of Nuclear Physics)
1 at the Institute of Medical Physics (S. Maria della Misericordia Hospital, Udine)
2 at LENS (European Laboratory for Non-linear Spectroscopy, Florence)
1 at the Politecnico di Milano
1 at the Anton Dohrn Zoological Laboratory, Naples
1 at the University of L’Aquila
1 at the University of Florence
1 at the University of Rome
1 at the University of Sassari
5 at the University of Trieste
1 at the University of Udine
1 at the University of Pisa
Among the 80 fellows present in 2012, 6 were supported by the project “Training and Research
in Italian Laboratories for Africa”, financed by the Italian funds-in-trust with UNESCO for high
level training and participation in research. The fellows were from Cameroon, Ethiopia and
Nigeria. The topics of training and research included Physics of Condensed Matter, Physics and
Energy, Physics and Technology, which was carried out at CNR Institutes, Elettra and
University of Rome.
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ICTP-ELETTRA USERS PROGRAMME

The programme offers access to the synchrotron radiation facility ELETTRA in Trieste in the
years 2008-2013 to scientists from developing countries that work in those countries. The
programme offers a limited number of grants to cover travel and living expenses of individuals
and small groups who participate in the beamtime at ELETTRA. The number of scientists who
can receive support depends on the number of allocated shifts and available funds.
A minimum annual total of 1,500 hours is available within this programme for beamtime
applications at any of the existing ELETTRA beamlines.
The proposed experiments are selected for beamtime assignment on the basis of their scientific
merit.
A total of 2,304 hours were allocated in 2012.
Measurements were run on the following beamlines:
Band Dispersion and Electron-Phonon coupling (BaD ElPh): the beamline is dedicated primarily
to high-resolution angle-resolved photoemission spectroscopy (ARPES) in the low photon energy
regime (4.6-40 eV).
Beamline for Advanced DiCHroism (BACH): performs light polarisation dependent experiments
in the 35-1600 eV photon energy range.
Bending magnet for Emission Absorption and Reflectivity (BEAR): the BEAR apparatus,
beamline and experimental station, is designed for the study of a wide class of samples with
emphasis on joint structural and electronic (magnetic included) properties of reduced
dimensionality systems including free surfaces, interfaces, multilayers and adsorbates.
ESCA Microscopy: the beamline allows to combine chemically surface sensitive measurements
with high spatial resolution.
Gas Phase Photoemission (GAPH): is specifically devoted to research on gaseous systems.
Material Science Beamline (MASC): is dedicated to the study of solids and surfaces of industrial
relevance.
Materials Characterisation by X-ray diffraction Beamline (MCX): allows performing a wide range
of non-single crystal diffraction experiments.
Nanospectroscopy (NASP): the Nan spectroscopy beam line consists of two branches designed for
two imaging photoelectron microscopes.
Small Angle X-ray Scattering (SAXS): is mainly intended for time-resolved studies on fast
structural transitions in the sub-millisecond time region in solutions and partly ordered systems
with a SAXS-resolution of 1 to 140 nm in real-space.
Source for Imaging and Spectroscopic Studies in the Infrared (SISSI): the beam line extracts the
IR and visible components of synchrotron emission for applications of spectroscopy,
microspectroscopy and imaging.
X-ray Absorption Fine Structure (XAFS): EXAFS spectroscopy provides microscopic structural
information of a sample through the analysis of its X-ray absorption spectrum.
X-Ray Diffraction 1 (XRD1): designed primarily for macromolecular crystallography.
In 2012, ICTP supported 46 visits of participants coming from:
Argentina
Belarus
China
Cuba
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India
17
Iran
7
Mexico
2
Pakistan
8
Sri Lanka 1
Turkey
3
Special attention is devoted to the number of countries benefitting from the programme in order
to achieve a balanced geographical distribution of the assignments.
Total expenditure: €67,317.
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SESAME PROJECT

SESAME (Synchrotron-light for Experimental Science and Applications in the Middle East) is a
cooperative venture by scientists and governments of the region set up on the model of CERN. It
is being developed under the auspices of UNESCO (United Nations Educational, Scientific and
Cultural Organization) following the formal approval given for this by the Organization’s
Executive Board (164th session, May 2002).
It is an autonomous intergovernmental organization at the service of its Members which have full
control over its development, exploitation and financial matters. SESAME, which is located at
Allan (Jordan), will be a “third generation” synchrotron light source.
The motivation for SESAME is that it will foster scientific and technological excellence in the
Middle East and neighbouring countries (and prevent or reverse the brain drain) by enabling
world-class scientific research in subjects ranging from biology, archaeology and medical sciences
through basic properties of materials science, physics, chemistry, and life sciences. In the process,
it will build scientific and cultural bridges between diverse societies, and contribute to a culture of
peace through international cooperation in science.
ICTP offers its assistance in a variety of ways which enhance training and research opportunities
for the SESAME users community.

Activities in 2012
Scientific calendar activities (under Applied Physics) which directly contribute to training of
SESAME country scientists in the fields of importance to SESAME:
1) School on Synchrotron and FEL Based Methods and their Multi-Disciplinary Applications, 1930 March. Organizers: Nadia Binggeli (ICTP), Maya Kiskinova (Elettra) and Francoise
Mulhauser (IAEA). 19 participants from SESAME member states.
2) From Genes to Atomic Structures: an Introduction to Synchrotron-Based Structural Biology
Co-sponsor(s): IUBMB (International Union of Biochemistry and Molecular Biology ), IUCr
(International Union of Cristallography), Douglas Instruments Ltd. 23-27 April. Organizers:
Silvia Onesti and Giorgio Paolucci. Local Organizer: Joseph Niemela. 18 participants from
SESAME member states.
ICTP-Elettra users programme: 18 participants from SESAME member states made scientific
visits in 2012.
Sandwich Training and Education Program (STEP): 3 STEP fellows from SESAME member
states did their research/training at Elettra in 2012.
Training and Research in Italian Laboratories Program (TRIL): 12 TRIL Fellows were accepted
into the program in 2012 from SESAME member states.
SESAME Council Meeting
J. Niemela represented ICTP at the SESAME Council meeting held at CERN in May 2012. ICTP
was represented by H. Hoorani, Scientific Director for SESAME at the Council meeting in Jordan
in November.

2013/2015 Cooperative Programme Between ICTP and SESAME
In accordance with the Memorandum of Understanding, the following joint and collaborative
activities have been planned between the Abdus Salam International Centre for Theoretical
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Physics (ICTP) and the Synchrotron-light for Experimental Science and Applications in the
Middle East (SESAME):
1.

ICTP will provide support to the SESAME Training Committee meeting to be held in
Trieste in 2013 at a time to be agreed and in addition a TrAC meeting to be held in Trieste
in 2015. ICTP already hosted TrAC in 2011.

2.

ICTP will provide support to the SESAME Users Meeting, which is organized every year at
the end of the year. The 9th SESAME Users meeting in 2011 held in Amman was supported
by ICTP.

3.

In 2013, the ICTP will run a 2-week “Advanced School on Synchrotron Techniques in
Environmental Scientific Projects” at the ICTP in cooperation with Sincrotrone Trieste.
Suggested Organizers are Hafeez Hoorani (SESAME), Messaoud Harfouche (SESAME),
Giorgio Paolucci (Elettra), Ibraheem Yousef (SESAME) and Joseph Niemela (ICTP). The
ICTP will promote maximum participation by scientists from SESAME region.

4.

In 2013, the ICTP will run a “School on Synchrotron Radiation Techniques and
Nanotechnology: a synergetic approach to life sciences and medicine” to be held in South
Africa and promote participation by scientists from SESAME Members. The suggested
organizers are Loredana Casalis (Elettra), Silvia Onesti (Elettra), A. Laio (SISSA), G. Scoles
(Udine), J. Niemela (ICTP), M. Maaza (Cape Town), I. Parker (Cape Town), and W.
Schubert (Western Cape).

5.

In 2013, the ICTP will run a “Workshop on Portable X-ray Analytical Instruments for
Cultural Heritage” to be held in Trieste back-to-back with the Advanced School on
Synchrotron Techniques in Environmental Scientific Projects” and promote participation by
scientists from SESAME region, offering extensions to those already participating in the
school. The suggested organizers are Claudio Tuniz (ICTP) and Lucia Mancini (Elettra),

6.

In 2013, the ICTP will run a joint ICTP-IAEA Workshop on Advanced Synchrotron
Radiation Based X-ray Spectrometry Techniques in cooperation with Sincrotrone Trieste.
Suggested organizer is A. Karydas (IAEA). The ICTP will promote participation by
scientists from SESAME region.

7.

ICTP will develop means to strengthen the role of ICTP in the SESAME training
programme, using existing ICTP mechanisms such as the Diploma Programme, the
Sandwich PhD Programme (STEP, jointly with IAEA), and the Training for Research in
Italian Laboratories (TRIL) Programme to support graduate students, postdoctoral
researchers and young scientists. SESAME will provide new opportunities for strengthening
ICTP’s activity through the use of SESAME and opportunities for training at SESAME’s
premises.

8.

ICTP, via its Office of External Activities, will support missions of experts to the SESAME
facility.

9.

ICTP, in cooperation with Sincrotrone Trieste, will give support in the design of the XRF
beamline at SESAME.

10. ICTP will solicit an application for a project/affiliated centre in Amman in connection with
SESAME. This can, in principle, include also equipment, such as a small XRF device.
11. Activities will be planned at ICTP in 2014 - 15 to support four day-one SESAME beamlines:
XRF/XAFS, IR, PX and PDB.
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OFFICE OF EXTERNAL ACTIVITIES

The Office of External Activities (OEA) has been stimulating science and technology for 25 years.
It was established in 1985 and became operational in 1986. Its objective has been mainly to help
the research and training activities of physicists and mathematicians living and working in
developing countries. The OEA provides assistance to scientists in their home countries. Such
support complements the training and research that is provided to scientists from developing
countries at the Abdus Salam ICTP. The OEA actions are aimed at providing a backup to
individuals, groups or institutes in the developing countries to accelerate their promotion to an
international level (North-South collaboration) and to stimulate networking of scientists in the
developing regions to reach a critical mass of researchers (South-South collaboration).
The OEA programmes can also provide funds for Graduate Schools to support student grants,
fellowships for young researchers, visits of research collaborators and other activities.

Programmes and Activities
Assistance is carried out within the following schemes:
• Affiliated Centres
• Projects
• Networks
• Visiting Scholars/Consultants
• Scientific Meetings

Affiliated Centre (ICAC) Programme
An Affiliated Centre is an Institute or University Department of Physics, or Mathematics that
carries out a specific long-term research project on a definite subject with well-defined purposes.
Affiliated Centres have a regional character and are strongly supported by the local authorities
and the hosting institute.
In 2012 the OEA has continued with its support to Affiliated Centres, of which the corresponding
number has increased to seven distributed as follows: five are in Africa, one is in Eastern Europe
and one is in Latin America. These centres focus on mathematical sciences and physical sciences.
Firstly, in Africa the Affiliated Centres are:
• Centre of Atomic, Molecular Physics and Quantum Optics (CEPAMOQ), University of
Douala, Cameroon
• Institut de Mathématiques et de Sciences Physiques (IMSP), Porto Novo, Benin
• Department of Physics, Cheikh Anta Diop University (UCAD), Dakar, Senegal
• Laser and Fiber Optics Centre (LAFOC), University of Cape Coast, Ghana
• CPT Affiliated Centre at the Zewail City for Science and Technology (ZCST), Egypt
Secondly, in Eastern Europe the Affiliated Centre is:
• Pavel Sukhoi State Technical University of Gomel (PSGSTU), Gomel, Belarus
Finally, in Latin America and the Caribbean the Affiliated Centre is:
• Instituto de Matemática y Ciencias Afines (IMCA), Lima, Peru
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OEA has encouraged, with special emphasis, graduate schools, which in 2012 had an ongoing set
of 53 PhD (or Troisième Cycle) students with partial, or full support from OEA funds. The Office
has sponsored other graduate school programmes for a total 42 students in Africa and Latin
America. These activities include Master or Diploma courses.

Projects
Given the lack of trained personnel in physics and mathematics at universities in some developing
countries and the fact that many students from these countries, pursuing their graduate studies in
industrialized countries, do not return to their countries of origin, the OEA supports specific PhD
courses. The OEA also supports several research projects that do not currently fit the category of
Affiliated Centres.
There are 10 active projects, of which 4 are in Africa, 4 in Asia, 1 in Latin America and 1 in
South-Eastern Europe. The areas of research covered are: Earth Sciences, Mathematical Sciences,
Physical Sciences and Space Sciences. Post-doctoral fellows and graduate school students, mainly
PhD candidates with a strong representation from African nations, are implementing the research
projects. The OEA is supporting fourth-level education through its Projects firstly with 14 PhD
students distributed amongst its Projects. Secondly, 18 other graduate students are supported by
the Projects.

Network Programme
A Network is a system of research groups in an entire region, or among different regions, that
pursue a common scientific project over an extended period. The OEA supports networks because
they are an efficient approach to overcoming the problem of isolation and counteracting the brain
drain. The ICTP emphasises South-South collaboration and the sharing of expertise and facilities.
At present the Centre supports 12 networks in mathematical and physical sciences.
Firstly, there are 7 networks in Africa that gather together the efforts of African scientists
worldwide. They are:
• African Lasers, Atomic, Molecular and Optical Science Network (LAM), based in Dakar,
Senegal
• North African Group for Earthquakes and Tsunamis (NAGET), based in Algiers, Algeria
• Network on Lasers, Atomic Physics, based in Tunis, Tunisia
• Partial Differential Equations, Modelling and Control, based in Ouagadougou, Burkina Faso
• African Network in Geometry and Algebra Applied to Development (RAGAAD), based in
Yaoundé, Cameroon
• The Nano African Network Initiative (Nano-Afnet) that is based in Somerset West, South
Africa with continental influence.
• African Network for Solar Energy (ANSOLE), based at the Johannes Kepler University, Linz,
Austria
Secondly, the two networks being funded in Asia are:
• The Network on Novel Approaches for Mesoscopic Phenomena, based in Yerevan, Armenia
• The Network for Theoretical Condensed Matter Physics based at Kathmandu, Nepal
The 3 networks being funded in Latin America and the Caribbean are:
• The PhD Programme in Latin America, based in Rio de Janeiro, Brazil
• The Caribbean Network of Quantum Mechanics, Particles and Fields, based in Havana, Cuba
• The Latin American Network of Ferroelectric Materials, based in Havana, Cuba.
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But the area of influence of the Networks is much wider, since in Africa they have a continental
coverage, while in Asia their influence extends to Bangladesh, India, Pakistan, Thailand, Turkey,
Uzbekistan and Vietnam. The Latin America and Caribbean networks cover Argentina, Brazil,
Chile, Colombia, Cuba, Mexico and Peru. The related research is leading to 26 doctoral theses
spread over the above-mentioned three regions, as well as by 19 other graduate school students.

Visiting Scholars/Consultants
This programme promotes collaboration between scientists working in institutions in the
developing countries and leading scientists throughout the world. The Visiting
Scholar/Consultant is required to make at least two research visits over three years, each lasting
at least a month. The Visiting Scholar/Consultant carries out joint research with his/her
counterpart and lectures students in his or her field of expertise. This is another effective way to
counteract the isolation of scientists and to allow them to maintain contacts and collaborate with
leading experts from other countries. There are currently 26 active Visiting Scholars: the African
region has 12, Asia has 4, while there are 10 in Latin America and the Caribbean.
The total number of grants awarded during 2012 is 13 with a regional distribution as follows: In
Africa this programme has benefited Benin, Ethiopia, Madagascar, Nigeria, South Africa (2) and
Tanzania, while in Asia the country that has profited from these grants is Pakistan. Finally, in
Latin America and the Caribbean the countries involved in the programme are: Colombia (2),
Cuba (2) and Venezuela.

Underlining regional encouragement
We would like to emphasize the regional encouragement of the OEA for South-South and NorthSouth cooperation. The active programme of Visiting Scholars for the emerging countries that we
are supporting are to a certain extent scientists from the South itself—a fact that we are pleased
to highlight. For the year 2012 these programmes included 3 South-South cooperation
agreements.
The scientists from Europe, North America and Oceania are distributed among 9 nations
(Australia, Austria, Belgium, Canada, France, Italy, Poland, United Kingdom and the United
States of America). On the other hand, the scientists coming from the South itself (Africa, Asia,
Latin America and the Caribbean) are from 3 the emerging nations Cuba, India and Malaysia.
These 3 scientists participated in the following collaborations: Brazil-Cuba, Nigeria-India and
Nepal-Malaysia.

Scientific Meetings
The OEA encourages the organization of international and regional scientific meetings in
developing countries by offering financial assistance to the organizers of conferences, workshops,
and schools. In 2012 the OEA has distributed 73 grants in five areas of knowledge: climate,
education, mathematical sciences, physical sciences and space sciences.
There have been 19 grants assigned to the meetings in the African Region: Algeria, Benin,
Burkina Faso, Cameroon, Egypt (2), Ethiopia, Ghana (3), Madagascar, Morocco (3), Nigeria,
Senegal, Tanzania, and Tunisia (2).
Meetings held in Asia have received 17 grants: Cambodia, Democratic People’s Republic of Korea,
India (3), Indonesia (2), Iran (Islamic Republic of) (2), Lebanon, Pakistan (3), Thailand and
Vietnam (3).
There have been 9 meetings supported in East Europe and the European Union. Firstly, in East
Europe meetings were supported in Bosnia and Herzegovina, Croatia, Moldavia, Romania (2) and
Serbia, (2), and secondly, in the European Union the meetings took place in France and Sweden.
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Finally, 28 events were supported in Latin America and the Caribbean: Argentina (7), Bolivia,
Brazil (5), Chile (2), Colombia (2), Cuba (2), Guatemala, Mexico (4), Netherlands Antilles,
Uruguay (3).
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ICTP SOUTH AMERICAN INSTITUTE
FOR FUNDAMENTAL RESEARCH (ICTP-SAIFR)

The ICTP South American Institute for Fundamental Research (ICTP-SAIFR) began its
scientific activities in January 2012 with an international school on mathematical biology, which
was soon followed by the scientific council meeting and opening ceremony, international schools
on relativistic astrophysics and symbolic computation, workshops on string theory, QCD, and
particle physics, and minicourses on integrability, neutrinos, and gravitational waves. In addition
to the hundreds of students and researchers who attended these meetings, the ICTP-SAIFR
hosted more than 80 short-term and long-term visitors who presented seminars and collaborated
with local researchers. The complete list of 2012 activities is on the webpage
http://www.ictp-saifr.org/?page_id=1098
and
the
list
of
weekly
seminars
and
colloquia
is
on
the
webpage
http://www.ictp-saifr.org/?page_id=1814.
Many of the activities were filmed using equipment donated by the ICTP in Trieste and the
videos are available online on the associated webpages.
This increase in the quality and quantity of scientific activities has created a new enthusiasm for
theoretical physics in Sao Paulo and South America. The ICTP- SAIFR has already received
considerable international attention (see http://www.ictp-saifr.org/?page_id=2131), and visitor
exchange agreements have been signed with CERN (Geneva), Perimeter Institute (Waterloo) and
NORDITA (Stockholm). The international search for permanent and temporary researchers has
already begun to bear fruit with the recent arrivals of established physicists such as Eduardo
Ponton (particle physics) and Riccardo Sturani (gravitational waves). As the number of ICTPSAIFR members grows, the research activities of ICTP-SAIFR are expected to accelerate which
will further increase its international visibility.
Over this first year of activities, the unwavering support for the ICTP-SAIFR by the São Paulo
Research Funding Agency (FAPESP), by the International Centre for Theoretical Physics
(ICTP), and by the São Paulo State University (UNESP) and the Instituto de Física Teórica
(IFT-UNESP) has been crucial for this success. With the continued support of these institutions,
the ICTP-SAIFR is expected to soon attain its mission of becoming a Center of Excellence in
theoretical physics which, through an active visiting program including schools and workshops,
will elevate the level of fundamental research in all of South America.
Scientific activities of the ICTP-SAIFR in 2012 included research, schools, workshops,
minicourses, outreach activities, council meetings, and weekly seminars. Scientific activities
already approved for 2013 include five schools and two workshops, and several additional
minicourses are being planned.
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PRIZES AND AWARDS

ICTP Dirac Medal
ICTP instituted the Dirac Medal in 1985. The Medal is awarded yearly on P.A.M. Dirac’s
birthday—8 August—to individuals who have made significant contributions to physics. The
Medallists also receive a prize of US$5,000. An international committee selects the winners from
a list of nominated candidates. The ICTP Dirac Medal is not awarded to Nobel Laureates, Fields
Medallists, or Wolf Foundation Prize winners.
The Dirac Medal 2012 was awarded to:
• F. Duncan M. Haldane (Princeton University, USA)
• Charles L. Kane (University of Pennsylvania, USA)
• Shoucheng Zhang (张首晟) (Stanford University, USA)
in recognition of their many important contributions to condensed matter physics, including their
independent work preparing and opening the field of two and three dimensional topological
insulators. Their research and the physical implications of the concepts and theories they
developed have been instrumental to exciting recent developments in this new area of
experimental and theoretical condensed matter physics.
The official award ceremony will be held in 2013.

ICTP Prize
Annual ICTP Prizes were created in 1982 by the ICTP Scientific Council in recognition of
outstanding and original contributions within mathematics and physics by young scientists from
developing countries.
The 2012 ICTP Prize in honour of Marshall N. Rosenbluth was awarded to Pablo Mininni,
Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires (UBA), Argentina.
The Prize recognizes Professor Mininni’s important contributions to advancing the
understanding of fluid and magnetofluid turbulence at a fundamental theoretical level as well as
working out a myriad of applications in astrophysics and atmospheric sciences. The former, inter
alia, includes probing the structure of nonlinear interactions and the ensuing cascades of energy
and other ideal invariants, and the latter spans a wide spectrum of problems such as the solar
cycle, turbulent dynamos, magnetic reconnection, rotating flows, and stratified turbulence. His
work has made a strong impact on this very active field.
Marshall N. Rosenbluth (1927-2003) received his doctorate from the University of Chicago in
1949, under the guidance of Edward Teller, with whom he would re-join a year later to provide
theoretical guidance on nuclear fusion at Los Alamos National Laboratory. In between he took a
postdoctoral appointment at Stanford University, which resulted in the so-called "Rosenbluth
formula" that Robert Hofstadter mentioned in his 1961 Nobel lecture. In 1953, Rosenbluth
played a central role in developing the Metropolis algorithm, generally regarded as the most
successful and influential of the Monte Carlo schemes developed in the 20th century. Most of his
career, however, was devoted to plasma physics and to the theoretical developments needed to
harness nuclear fusion as a source of energy. In this effort he recognized that small scale
instabilities in plasmas, including turbulence, were important problems to be understood and he
centered much of his attention in this area in later years. In 1964, with the encouragement of
Abdus Salam, he organized the newly-formed ICTP's first activity: a plasma physics workshop
that would gain historical significance by bringing together in Trieste leading plasma physicists
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from the Soviet-block and Western countries.
The official award ceremony will be held in 2013.

ICO/ICTP Gallieno Denardo Award
ICO, the International Commission for Optics, and ICTP have established a joint prize, called the
ICO/ICTP Award, reserved for young researchers from developing countries who conduct their
research in developing countries. The award is given to scientists less than 40 years old who are
active in research in optics and have contributed to the promotion of research activities in optics
in their own or another developing country.
The recipient receives a certificate, US$1,000, and the invitation to participate in and deliver a
lecture at an ICTP activity relevant to optics.
Since 2008, the award is called “ICO/ICTP Gallieno Denardo Award” to honour the memory of
Gallieno Denardo, who was in charge of optics activities at ICTP for more than twenty years.
The ICO/ICTP Gallieno Denardo Award for 2012 was awarded to Selcuk Akturk from Istanbul
Technical University, Istanbul, Turkey, "for his valuable work in the field of ultrashort optical
pulses and in particular for his contributions to the development of ultrashort pulse
characterization techniques and their applications to ultrafast nonlinear optics".
The prize was awarded to the winner on 12 February 2012, during the Winter College on Optics:
Advances in Nano-Optics and Plasmonics.

Ramanujan Prize for Young Mathematicians
from Developing Countries
In late 2004, ICTP created the Ramanujan Prize for young mathematicians from developing
countries. The Prize is funded by the Niels Henrik Abel Board.
The Prize carries a US$15,000 cash award and travel and subsistence allowance to visit ICTP for
a meeting where the Prize winner will be required to deliver a lecture. ICTP awards the prize
through a selection committee of five eminent mathematicians appointed in conjunction with the
International Mathematical Union (IMU).
The 2012 Ramanujan Prize was awarded to Fernando Codá Marques (32), Instituto Nacional de
Matemática Pura e Aplicada, Rio de Janeiro, Brazil.
The Prize is in recognition of his several outstanding contributions to Differential Geometry.
Together with his co-authors, Fernando Codá Marques has solved long standing open problems,
and obtained important results, including results on the Yamabe problem, the complete solution
of Schoen's conjecture, counterexamples to the rigidity conjecture of Min-Oo, connectivity of the
space of positive curvature metrics on an orientable 3-manifold, and most recently, a proof of the
Willmore conjecture.
The award ceremony took place on 6 September 2012, during the ICTP-IPM Workshop and
Conference in Combinatorics and Graph Theory.
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MARIE CURIE LIBRARY

ICTP eJournals Delivery Service (eJDS) for Scientists in Developing Countries: 10th anniversary

eJDS Celebrates and M oves Forward
The electronic Journals Delivery Service, eJDS, was developed at ICTP in 2002 as a prototype
programme. It was conceived to target the issue of access to current scientific literature for
countries with scarce resources and insufficient connectivity, using very simple technology. So
far, it has served several hundred scientists in least developed countries.
Ten years later, it was time to celebrate and look ahead. The Library backed SDU in organizing
the "ICTP eJournals Delivery Service (eJDS) for Scientists in Developing Countries: 10th
Anniversary" workshop on the 8th of June. Representatives from leading publishers attended.
The presentations given by eJDS founders, by the Library and by eJDS users led to a fruitful final
discussion and to confirmation of the publishers' commitment to the project. On the same day, the
eJDS software's upgraded version was introduced to partners and users.
The upgraded eJDS went live on the 28th of May. This major update to the first eJDS version
was possible thanks to the collaboration of the Library, the SDU and Clement Onime from ICTS,
who partnered with SISSA Medialab that provided the programming at no cost. This version
takes into account administrators' and users’ experience, as well as publishers’ technical
requirements. It offers a simple interface that can be used in low-tech, low-band contexts. It will
allow ICTP to involve new publishers and to provide access not only on a country basis but also
on an individual basis, thus extending the reach of the service.
ITALE M eeting and Seminar
Collaboration and knowledge sharing are as essential in the world of libraries as are in any field
of science. The Italian libraries that use Ex Libris products for their catalogues join forces in an
active association called ITALE.
This year, the Marie Curie Library has hosted the ITALE annual meeting and seminar, organized
in collaboration with the association. It was held at the Adriatico Guesthouse on 29-30 March.
About sixty librarians and system managers attended the event.
The seminar “Con il server fra le nuvole”, on cloud-based library services, had qualified lecturers
from Italy, Belgium and Israel. It was also the occasion for the first national presentation of the
new Ex Libris library management service, Alma.
Library Acquisitions Interfaced with FABS
The implementation of FABS has forced the Library to rethink and redesign the way funds,
orders and invoices are managed within its Integrated Library System (ILS), so as to adopt the
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recommendations received by Administration and Finance. The Library processes bibliographic
acquisitions directly, from the orders to the receipt of material and invoices—unlike all other
purchases at ICTP, which follow the standard procurement workflow.
Data regarding bibliographic purchases are processed in the ILS Acquisition Module and
uploaded to FABS. Seamless transmission from one application to the other is provided by means
of an ad-hoc interface that has been developed by ICTS in strict collaboration with the Library.
Henry Poincaré Remembered
Jules Henri Poincaré, French mathematician, theoretical physicists, engineer, and philosopher of
science, died 100 years ago. Known as the Last Universalist, he made fundamental contributions
to pure and applied mathematics, mathematical physics, and celestial mechanics. He laid the
foundations of topology and chaos theory, and anticipated the theory of relativity.
To mark the anniversary, the Marie Curie Library has prepared an exhibition of images, video
material and documents, including about sixty books from its collections, displayed in front of the
information desk.

Banner of the Poincaré exhibit

Library in Figures
Surface area
Shelf space
Reading places
Public terminals
Photocopiers/printers

3,200 square meters
5,000 linear meters
70
12
2

Collections as at December 2012
Print collections
Books
Additions in 2012
Journals, current subscriptions
Total print titles
Theses

69,000
989
270
1,280
1,500

Electronic and multimedia resources
Current e-journal titles
Electronic books
Pictures
Films and videos
Laser discs
Preprints
Clippings

4,200
1,082
4,743
292
458
10,300
1,187
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Usage statistics in 2012
Circulation transactions
Registered users
Gate counter

6,719
1,142
91,172

Library services in 2012
Inter-library loans and document delivery
Items requested
129
Items issued to other libraries
635
e-Journals Delivery Service
Registered users
New registrations in 2012
Total downloads

4,473
558
8,819

Junior associate book orders
Requestors
Books supplied

84
510

Donations
Recipient countries
Recipient institutions
Donated items

24
35
771
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SCIENCE DISSEMINATION UNIT

Introduction
The Science Dissemination Unit (SDU) was created in late 2004 with the broad aim
of disseminating scientific contents to more people than are able to visit ICTP, and
to the public in general throughout the world, via any digital media type. Website:
sdu.ictp.it
SDU also collaborates with the special requests, and advice, on issues related to Science
Dissemination and Information and Communication Technologies (ICT) for the Director’s Office
of ICTP.

Research Activities
The SDU is a concrete example of helping to bridge the knowledge divide in developing countries
and across the North-South, in terms of applying cost effective open source ICT for the
dissemination, support and internationalization of science. The SDU addresses these main issues
of great concern in the scientific community:
• The dissemination of scientific data, educational material and information. This is necessary
for the advancement of research and education in order to provide contents that contribute to
the benefit and well-being of society and to promote international scientific and technological
activities.
• The development, implementation and management of ICT especially in support of science in
developing countries.
• The integration of new rich-media services and state-of-the-art tools to facilitate the transfer
of knowledge and exchange of scientific information.
• The electronic publishing including open access, creative commons, copyright issues, mobile
science and learning and digital contents.
The SDU also addresses hardware and software limitations and the ICT skill shortfalls of staff in
universities, research centres, scientific academies and ministries of science and technology
throughout the developing world by providing grants for the low-cost production of scientific
contents by institutions and students. Training on ICT tools for science dissemination are carried
out every year in Trieste.

Training Activities
(1) SDU organized a workshop on "Scientific Mobile Learning", 4-7 June 2012.
The event aimed to guide the scientific community in developing countries into the plethora of
concrete opportunities that the Internet offers to share ideas, disseminate scientific contents and
findings and emphasis was given on how mobile technology can be used in powerful new ways to
deliver scientific education. Technology is a key factor behind the huge strides being made by the
developing world—and indeed everywhere—in science. Thanks to increasingly cheaper and
easier access to the internet, for instance, scientific collaboration has never been easier. With
billions of mobile phone subscribers around the world accessing the internet on the go (outpacing fixed-line Internet users), the technology trend now is focussed on innovative uses of cell
phones and other mobile devices to perform tasks traditionally assigned to desktop computers.
According to the International Telecommunications Union, about 70% of mobile phone users live
in developing countries, making the devices the first telecommunications technology in history to
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have more users there than in the developed world. Cell phone usage in Africa is growing almost
twice as fast as any other region, jumping from 63 million users to 152 million in just two
years. Being ICTP an educational institute devoted to science in the developing world, SDU has
a strong interest in closely following these trends and has already taken steps to ensure that
ICTP’s own educational offerings are accessible via mobile tools.

Participants of the SDU workshop on “Scientific Mobile Learning”

The workshop was mainly informative, with some demonstrations on the technical setup needed,
organization and maintenance of newest mobile tools and web applications to access and
disseminates science. Topics discussed included: tools, applications, cases studies, pedagogy and
strategies for m/e-Learning and the design and examples of Android-based Apps for education.
Educational programs and activities of the UNESCO Knowledge Society Division and the
UNESCO Science Sector were presented to the participants by colleagues from HQ in Paris.
Following the ICTP mandate, more the majority of the selected participants were new to ICTP
and most of them came from developing countries. A unique opportunity was given to selected
participants coming from: Trinidad and Tobago, India, Nepal, Philippines, Panama, Morocco,
Nigeria, Peru, Pakistan, Tunisia, Burkina Faso, Sri Lanka, Ukraine, Bangladesh, Cuba, Venezuela
and Cameroon to mention just a few. Most lecturers were also new to the ICTP.
The whole workshop was recorded using the automated EyA system of the SDU and the videos
are available for download through the website: www.ictp.tv
(2) SDU also organized the "ICTP eJournals Delivery Service (eJDS) for Scientists in Developing
Countries: 10th Anniversary", 8 June 2012.
Ten years after the birth of the ICTP electronic Journals Delivery Service (eJDS), the service is
still running in as simple terms as in its beginning, in spite of having seen many changes in the
developing countries. eJDS usage has almost doubled in the last year, and increased by over 5
times since 2007. During the workshop, not simply this anniversary was celebrated
acknowledging all participant publishing companies and scientific societies, but also reviewing
why it is still necessary today and how to adapt new realities and technologies to achieve its
primary goal in an ever faster changing world.
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Participants of the SDU workshop on “10th Anniversary of eJDS”

For the past decade, the Centre's eJournals Delivery Service has advanced
scientific knowledge by providing free, easy
access to scientific articles via an e-mail-to-web
gateway to scientists in developing countries
who lack sufficient bandwidth to download
material from the Internet in a timely manner
and/or cannot afford the connections.
Thanks to ICTP's carefully arranged
agreements with some of the world's leading
scientific publishers, scientists who live and
work in least-developed or low-income
countries can receive current scientific
literature from more than 800 journals. The
publishers have established a set of criteria for
those who can use the service, and have set
limits to the number of articles per journal that
can be accessed each day (three), month (12)
and year (100) so far.
The eJDS now has more than 4,000
registered users from 142 countries, and that
number is expected to grow as the service
launched in this occasion, a renewed interface
with the assistance of the Trieste-based SISSA
MediaLab. During the workshop, the full
administration of eJDS was passed on from
SDU to ICTP's Marie Curie Library who also
manages subscriptions to the service. The
upgraded eJDS was presented at the 10th
Anniversary eJDS workshop, where this
important milestone was celebrated along with
a view to the future.
eJDS data collected by ICTP Marie Curie Library
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International Collaborations
The SDU collaborates with
• the Communication and Information Sector and the Science Sector of the UNESCO in Paris in
the organization of some of the workshops carried out at ICTP in the field of science
dissemination;
• IEPM – Stanford Linear Accelerator Center (SLAC), USA for the monitoring of the
connectivity in Africa from Trieste;
• eIFL.net - Electronic Information for Libraries Initiative for the activities and initiative of
Open Access and related issues;
• IAEA – International Atomic Energy Agency;
as well as with other research centres, universities and institutions in East and Central Europe,
Africa and Latin America, including the new ICTP South American Institute for Fundamental
Research in Rio de Janeiro, Brazil.

Projects and Activities in 2012
Open Access at ICTP promoted by SDU: APhysRev.org
The SDU supervises the technicalities behind, and give advice on, the African Review of
Physics—a peer-reviewed and on-line international eJournal that publishes reviews, research
articles, and brief communications in all branches of experimental and theoretical physics and
related interdisciplinary fields. Website: www.aphysrev.org

Science on the Internet: Education and Dissemination - www.ictp.tv
Using the automated and non-intrusive EyA system for the webcasting of physics and
mathematics, all lectures delivered within the ICTP Postgraduate Diploma Programme and
seminars, talks, etc. given during some ICTP conferences and workshops were recorded
throughout the campus. The www.ictp.tv infrastructure and redundant servers were permanently
improved to handle the increased traffic received.
In September 2012, SDU's automated recording system quietly reached a milestone: it added the
10,000th hour of video recording to its archive of ICTP Postgraduate Diploma Programme
courses. The online courses archive of physics and mathematics lectures, accrued over the past
five years, is available for free on the Centre's www.ictp.tv website. The courses are captured
using the EyA technology and are carried out using digital presentations (PPT, PDF, animations,
etc.) and especially traditional chalkboards as found in classrooms.
The EyA system today is robust, requires low maintenance and low cost, with the price of a
recorded hour totalling less than a cup of coffee. EyA is an attractive product for other institutes
that want to carry out affordable, automated recordings of lectures, conferences or other
educational activities. To that end, SDU has developed an "openEyA" system that institutes can
easily set up in their own classrooms.
Some usage and system statistics of www.ictp.tv follows:
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Facts on ICTP Diploma Courses On-line 2012

Linux-based, openEyA Recording System and Grant
In 2012, the free SDU's Linux-based version "openEyA" of the EyA automated recording system
implemented along the ICTP campus continued to be upgraded and promoted in developing
countries with a SDU grant that included hardware and software. Another new area for openEyA
will be its use on smartphones; to that end, SDU will deploy new versions of the software for
Android and iOS phones in 2013.

Didáctica para el Desarrollo — DxD.tv
The SDU’s "Didactic for Development" (in English) initiative with educational videos in Spanish
and Portuguese only, continued as planned by supporting Universities in Latin America and
Portugal to create their own educational contents. The aim of DxD is to attain "Quality
Education for All" and preserve "Cultural Diversity" in native languages by closely following the
mandate of UNESCO and ICTP. The next steps to be carried out within the DxD.tv project in
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years ahead is to aggregate the available educational material, i.e. more than 400 recording hours
so far, by the use of SDU’s openEyA free recording system.

First openEyA Users Meeting/Didáctica para el Desarrollo (DxD), ICTP, Trieste, 10-11
October 2012
In October 2012, SDU organized its first openEyA Users’ Meeting where participants from
South America and Europe gathered together to discuss and exchange experiences on the use of
openEyA on their Institutions. This meeting was also a unique opportunity to meet with other
participants of the DxD.tv initiative to fine-tune the project and the published rich-media outputs.
This repository will preserve the cultural diversity of recordings made in different languages.
The relevance of openEyA and attendance certification via SDU’s Pinvox algorithm for massive
open on-line courses (MOOC) was also part of the working agenda.
Future developments of the system include increasing the quantity and quality of free educational
video lectures delivered in Spanish and Portuguese, as well as the development and application of
the new SU’s Pinvox algorithm to certify "virtual attendance" and increase students' attention
while viewing the openEyA lectures.

Participants of the SDU workshop on “openEyA and DxD”.

To date, institution participants of the DxD.tv project are: University of Porto and Instituto
Superior Técnico (IST), School of Science and Engineering, Portugal; ICTP-South American
Institute of Fundamental Research, Brazil; National University of Colombia, Colombia; and
University of Buenos Aires, Argentina.

openDante: High School Physics and Math Lectures On-line
The project openDante, carried out in collaboration with Prof A. Pisani from Liceo Classico
Dante Alighieri (Gorizia) and SDU, is a concrete example of the application of openEyA in high
school classrooms of Italy. OpenEyA has dramatically changed the way their students study. The
recordings provide a new, effective option for students to review and learn new
concepts. Students like the fact that with openEyA recordings, they can re-listen to classroom
lectures at home, and it helps increase their level of understanding. SDU will continue to support
this unique initiative: www.openDante.it to foster future generations of scientists.
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Pinvox - Attendance Certification beyond the Physical Classroom
A certified virtual attendance can allow Institutions to enlarge its scientific audience, to offer
more opportunities to anyone interested in science, and to support science and education
especially in developing countries. To achieve this goal it is necessary to implement an ad-hoc
algorithm that allows to verify (to then certify) the real vision of the recorded material by
students.
Pinvox: "Personal Identification Number by Voice" is a prototype algorithm for on-line
certification created by the SDU Team. It aims to guarantee that scholars have followed, i.e.,
listened to and watched, a complete recorded lecture with the option of earning a certificate or
diploma of completion after attending Massive Open On-line Courses (MOOC). It is based on the
(scalable and automated) injection of unique, randomly selected and pre-recorded integer numbers
within the audio trace of a video stream, which need to be identified by students. Pinvox is just
about providing a way to tell whether someone watched a video completely or listened a whole
audio file. Pinvox is an SDU proposal to certify online attendance to MOOC as we certify
attendance to an live scientific event.
The first version of SDU’s Pinvox program is available for download under Linux Ubuntu OS
and MS Windows from www.pinvox.org

New 3-D printing at ICTP
In October 2012, the SDU Team introduced to the whole ICTP community the available new and
affordable three-dimensional printing technologies, which provide exciting opportunities for
research, education and sustainable development. The so-called "replicator", shown to scientists,
ICTP staff and visitors in an open hands-on seminar, is a three-dimensional printer that can make
solid objects out of plastic.
Using a digital model, the printer creates the objects layer by layer with a molten liquid plastic.
Their uses range from art to prosthetics to humanitarian projects in the developing world.
Students can print out molecules to discover their complex structures. 3-D printing has the
capability to popularize and democratize science.

3-D Printing (left) of a density of electrons surface (right)

Staff
Consultants:
E. Canessa, coordinator, Chile
C. Fonda, professional technician, Italy
M. Zennaro, collaborator, Italy
L. Tenze, external collaborator, Italy
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Funding
• ICTP (principal contributor)

Publications
“On-line Certification for All: The Pinvox Algorithm”, Inter. J. Emerging Tech. in Learning (iJET),
7 (2012) 43-45.
The SDU members in this paper introduce the Pinvox prototype algorithm: (“Personal
Identification Number by Voice") for on-line certification that helps to guarantee that scholars
have followed, i.e., listened and watched, a complete recorded lecture with the option of earning a
certificate or diploma of completion after remotely attending courses. It is based on the injection
of unique, randomly selected and pre-recorded integer numbers (or single letters or words)
within the audio trace of a video stream at places where silence is automatically detected. The
certificate of completion or “virtual attendance” will be generated on-the-fly after the successful
identification of the embedded Pinvox code by a video viewer student.
SDU’s Open book “Mobile Science & Learning”, ISBN 92-95003-47-0
This free book is a collection of essays on mobile science and mobile learning, written by experts,
describing experiences from academia and discussing the implementation of research projects
using mobile technologies of particular interest to developing countries.
This SDU’s edited book has been delivered under a Creative Commons license with the goal to
create awareness on the huge possibilities of Mobile Science (or “m-Science” in short), as well as
to motivate a new generation of learners, scholars and scientists to participate in the challenges of
the rapidly developing new field. Since its release, the book has so far 2.9K reads, 9 readcasts,
2.6K embed views. Our previous m-Science book has: 4.8K reads, 20 readcasts and 2.9K embed
views.
As the examples in the book demonstrate, people are using mobile technology in powerful new
ways to carry out scientific research, to share results and to disseminate knowledge in affordable
ways via, for instance, the new m-Learning. This includes data gathering, analysis and
processing, and access to on-line services and applications directed to nurture scientists and
scholars using mobile phones, tablets, netbooks and other devices. The book gives a balanced mix
of technical detail, general overview, societal impact and a sense of the possible.

SDU’s book cover on 2012 “Mobile Science and Learning”.
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To attract younger and technologically savvy audiences, in 2013 SDU will deploy free EyAinspired apps for mobile devices (tablets, smart-phones with Android and iOS). The goal is to
open the universe of science to a new generation of learners and offer them inspiration and ondemand access to knowledge according to modern times.
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INFORMATION AND
COMMUNICATION TECHNOLOGY SECTION (ICTS)

During the year 2012, the information and communication technology section provide user
support services to the entire ICTP community and general maintenance of the in-house
computing and communication equipment. For the services provided by the centre, the overall
availability level was ensured without any major interruptions.
The activities of the section were focused on extension and availability of the scientific
computation services, transferring services to virtual machines, improving the monitoring and
redundancy of operational services and providing support during the first year of the new
administrative application for finance, budgeting and purchasing.
A small team of scientific computing expert is established in order to improve support of the
scientific user community.
ICTS provided HPC related training and schools at Trieste and locally in Africa and South
Americas.

High Performance Computing (HPC), Storage and Server Room
The in-house HPC cluster codenamed “ARGO” was extended and the calculation capacity was
more than doubled to a theoretical 25 TeraFLOP. The total storage is almost 1 PetaByte.
Access and usage of the ARGO cluster is coordinated with the help of scientific staff from the
ESP and CMSP groups. The cluster is heavily used for software such as the Regional Climate
modeling software (RegCM) and Quantum Espresso (QE) software in additional to other
individual research code.
The cooling capacity of the server room was doubled in order to enable the extension of the HPC
cluster also during 2013.

Infrastructure and Monitoring
The network facilities were extended to enhance the performance of HPC cluster and also provide
network access to the office space extension in the new building.
A landscape of Virtual Machines was implemented and several administrative applications were
transferred to virtual machines.
The monitoring of all critical applications, servers and network devices via NAGIOS was
improved. Network and related services (such as e-mail and file servers) provided by the section
was with an uptime for the planned availability of over 99.5%.

Support for Scientific Computer Programming
A small group of scientific computer experts joined ICTP from Q2-2012. The objective of this
team is to provide support and advanced consulting on data management, parallel programming
and application enablement to leverage massively parallel platforms. Major activities of the team
are briefly listed as follows:
• Weekly seminar series on a variety of HPC related topics - The HPC Appointment
• Introduction to Scientific and High-Performance computing for students in ICTP's Diploma
program
• Porting and optimization of scientific codes on local, national, and international HPC facilities
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• HPC Consulting for visiting and local scientists working on scientific application software
development
• Co-writing of project proposals with ICTP scientists for accessing at large-scale resources
• Key-role in the on-going curriculum development of the SISSA/ICTP HPC Master Program
• Software development contributions (parallelization, optimization and new features) to open
source scientific computing applications

Business Application
The user community of Finance, Budget and Purchasing was supported during the first full year
cycle based on the centralized UNESCO FABS application (SAP based) and the application of the
IPSAS (International Public Sector Accounting Standards) principle. ICTS and UNESCO
provided additional training to the user community.
An online proposal management application was developed and is in use since the last quarter
2012.
The ICTP web site was enhanced based on the input from PIO and the user community.

New E-learning Service
The MOODLE platform installed in the year 2011 main for the diploma programme was also
tried during of the centre’s regular workshop activity as part of the section’s exploratory efforts
in providing e-learning services in collaboration with other groups such as the SDU. The section
is also researching along with the Dept. of Computer Science & Engineering of the University of
Ulster, Northern Ireland the use of interactive rich-media materials for on-line learning, this
activity resulted in presentations at two conferences in 2012. This research collaboration would
continue and most likely involve new partners in 2013.

Projects
FITU Project: As a follow up to the FITU activity from 2011 on the MSc in HPC in Africa, the
AUST University would like to begin in 2013 teaching HPC to all students from it’s 5 different
departments.
Joint OEA-ICTS activity: The section with the support and collaboration of the Office of
External Activities (OEA), strengthened the specialization in HPC Master’s programme of the
Computational Science Dept. of the Addis Ababa University. Under a 3-year OEA project,
international resource persons and ICTS staff are providing on-site yearly training and
supervision for students of the stream.
Joint ICTS-ESP-ISP (Uppsala University) PhD position: The ICTS section, the International
Science Programme (ISP) of Uppsala University Sweden and the Earth System Physics group (of
ICTP) reached an agreement to jointly fund a 3 year PhD position at the University of Trieste –
the cost are shared equally by the parties. The first recipient of the award is a staff of the
Computational Physics Dept. of the Addis Ababa University, who will be commencing his PhD in
January 2013 will work on HPC aspects of the Regional Climate Modelling code of the ESP
group. At the end of the PhD, he is expected to return back to Addis Ababa and further
strengthen the HPC Master’s stream of the Computational Science Dept. of Addis Ababa
University, Ethiopia.
International Presence: Staff of the section was active and participated in various conferences,
workshops and activities:
• Addis Ababa: Workshop on GPU computing. Support to the HPC Master students (year
2011) to the development of the final project.
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• Cartagena, Colombia: Lectures and hands-on training during the “Joint ICTP-TWAS
Caribbean School on Electronic Structure Fundamentals and Methodologies”
• AUST: Presentation at the AUST Seminar Series “HPC Specialization and Opportunities for
Graduate Studies and Research”. Workshop on "Cluster installation and management and
performance tuning of the Quantum-ESPRESSO package." ICTS staff will continue to
collaborate with the University in 2013 with the aim to introduce and teach HPC related
courses to all students of the 5 different departments.
• South Africa: Staff of the section working with the South African Centre for High Performance
Computing (CHPC) is exploring ways and avenues for improving and supporting the use of
HPC by African researchers on the continent.
Technical Assistance: The following institutions received some form of technical assistance from
the ICTS staff (and/or hardware donation):
• African University of Science and Technology (AUST), Nigeria: Received assistance in the reinstallation of it’s HPC cluster and technical advice on implementing some network services
• University of Cocody, Ivory Coast: Assisted by the ministry of scientific research, the
University of Cocody received assistance in developing a blueprint for the growth of high
performance computing capabilities nationally.
• University of Ilorin, Nigeria: The IT staff of the University of Ilorin received assistance and
advice on a broad range of areas related to e-mail, web services and network security.
• University of Jos, Nigeria: The IT staff of the University of Jos received assistance and advice
on a range of issues such as application level/database clustering and digital online
repositories.
Special FITU Project: ICTP defined and performed a project to create repositories of the high
quality video recordings of the diploma in basic physics programme of the ICTP. A stand-alone
video portal will offer the videos online and several repositories will be hosted at various
institutions in Africa in 2013. This project was a collaboration between the multimedia,
publications and print services section, the SDU, assigned Postdocs and ICTS.
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MULTIMEDIA PUBLICATIONS OFFICE

The activity of this section (MPO) is organized through a wide range of support services of a
different nature to the ICTP scientific activities, in particular the office ensures that the scientific
research carried out, or updated at ICTP, is made available to the scientific community via web,
media and different printed formats.
Among the many services offered by the Multimedia Publications Office (MPO) we should
certainly mention:
• dissemination of information on the Centre's activities and programmes via conventional mail
and electronic format. For this purpose ICTP's centralized mailing lists is also kept and
maintained by this section;
• technical support for word processing programmes and camera-ready documents for
conference presentations, layouts and graphic designs, plus problem solving support to
scientific staff, visitors and other offices;
• support in the planning and production of a variety of studio and field-based video products
for distribution on DVDs and other media such as webcasting and video streaming, video
post-production tasks, converts format of completed edited products.
During 2012, MPO produced in high definition the entire Postgraduate Diploma course in basic
physics, plus dozens of conferences, lectures and other events for more than 1000 hours between
video production and post production.
Furthermore, MPO distributed more than 70,000 documents all over the world and between
prints, graphic design, web uploading and conversion we have processed more than 1,700
requests for a total of 2.3 million pages.
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ISSN 2223-6589
Managing Editor: K. Tahir Shah
The African Review of Physics (www.aphysrev.org), founded and published by the Abdus Salam
International Centre for Theoretical Physics, since 2007 is the official journal of the African
Physical Society. It is a free, open access, on-line, peer reviewed, international journal that
publishes high quality reviews, research articles, and brief communications in all branches of
experimental and theoretical physics.
The African Review of Physics had two major positive developments in 2012. First, it reached a
growth rate of 83% with respect to 2011 for published papers. It also made a significant
improvement in its editorial processing system through the high quality peer review and multiple
revision process for manuscripts. As a consequence of this improved filtering process, the
acceptance rate lowered to 56%. Second, as a result of these improvements, The African Review of
Physics has been evaluated for inclusion in Scopus (of Elsevier) by its International Content
Selection & Advisory Board. The Board advised its acceptance to Scopus stating: “This title has
good production values, has a regular publication schedule, and most importantly consistently
publishes articles of good academic quality.” Scopus is a group of elite journals selected by
Elsevier publishers.
Again, this year India leads in the number of submissions, followed by Nigeria, Algeria, Morocco,
Kenya, Iran, Egypt, Sweden, Cameroon and Ghana. These ten countries represent 85% of all
submissions in 2012 from over 30 countries worldwide. There was also a significant amount of
expansion in its readership worldwide as a result of both qualitative and quantitative progress. Its
major readership remained in India with USA in the second place. Among the top ten countries,
58% readership is now from the developing nations (as compared to 64% in 2011) and 42 % from
the technologically advanced nations (as compared to 36% in 2011) reflecting an increase in
readership from technologically advanced nations.

Submissions 2012:
Top 10 Countries
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The statistical data and international recognition reflect the improved quality of papers published
by The African Review of Physics. It continued its progress towards the ultimate goal of becoming
an elite international journal by remaining a widely listed scientific journal by libraries and other
eJournal listing organizations around the world with over 31,000 visits to its website since its
inception in 2007.

Readership 2012:
Top 10
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SCIENTIFIC CALENDAR 2012

16 - 24 January
School on Strongly Coupled Physics Beyond the Standard Model
Collaborations: International School for Advanced Studies (SISSA), Italian Institute for Nuclear Physics
(INFN)
Organizers: K. Agashe (U. of Maryland), C. Grojean (CERN and CEA/Saclay), R. Rattazzi (EPFL), M.
Serone (SISSA and ICTP)
23 - 27 January
Joint ICTP-IAEA Workshop on Fusion Plasma Modelling Using Atomic and Molecular Data
Organizers: B.J. Braams, Hyun K. Chung (IAEA)
Local Organizer: J. Niemela
25 - 27 January
Workshop on Strongly Coupled Physics Beyond the Standard Model
Collaborations: International School for Advanced Studies (SISSA), Italian Institute for Nuclear Physics
(INFN)
Organizers: K. Agashe (U. of Maryland), C. Grojean (CERN and CEA/Saclay), R. Rattazzi (EPFL), M.
Serone (SISSA and ICTP)
30 January - 3 February
Preparatory School to the Winter College on Optics: Advances in Nano-Optics and Plasmonics
Organizers: M. Bertolotti, N. Zheludev, Z. Ben Lakhdar
Local Organizers: J. Niemela, M. Danailov
6 - 17 February
Winter College on Optics: Advances in Nano-Optics and Plasmonics
Co-sponsors: International Commission for Optics (ICO), Optical Society of America (OSA), International
Society for Optics and Photonics (SPIE), European Optical Society (EOS), Società Italiana di Ottica e
Fotonica (SIOF), US National Academy of Sciences (NAS), Photonics Society (IEEE), International Society
on Optics Within Life Sciences (OWLS)
Organizers: M. Bertolotti, N. Zheludev, Z. Ben Lakhdar
Local Organizers: J. Niemela, M. Danailov
6 - 24 February
ICTP-ITU/BDT School on Sustainable Wireless ICT Solutions for Environmental Monitoring
Organizers: S.M. Radicella (ICTP), M. Maniewicz, R. Struzak (ITU/BDT)
20 February - 2 March
Advanced School on Scientific Software Development: Concepts and Tools
Co-sponsors: PRACE, IBM, eXact lab srl, CNR/IOM Democritos
Organizers: S. Cozzini (CNR/IOM/Uos/SISSA Trieste), A. Balaz (SCL, Institute of Physics Belgrade), G.
Giuliani (ICTP Trieste/University of L'Aquila)
19 - 27 March
Spring School on Superstring Theory and Related Topics
Collaborations: Asia Pacific Center for Theoretical Physics (APCTP), International School for Advanced
Studies (SISSA), Italian Institute for Nuclear Physics (INFN)
Organizers: E. Gava (INFN), S. Minwalla (Tata Institute), K.S. Narain (ICTP), S. Randjbar-Daemi (ICTP),
E. Silverstein (Stanford University)
19 - 30 March
School on Synchrotron and FEL Based Methods and Their Multi-Disciplinary Applications
Organizers: N. Binggeli (ICTP), M. Kiskinova (Elettra), F. Mulhauser (IAEA)
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11 April - 1 May
Workshop on Science Applications of GNSS in Developing Countries (11-27 April)
followed by
Seminar on Development and Use of the Ionospheric NeQuick Model (30 April-1 May)
Organizers: S.M. Radicella (ICTP), P.H. Doherty (USA)
16 - 19 April
AIP Industrial Physics Forum 2012: Capacity Building for Industrial Physics in Developing and Emerging
Economies
Co-sponsors: ICTP, American Institute of Physics, TWAS
Organizers: PW. Hammer (AIP), J. Niemela (ICTP, Local Organizer)
23 - 27 April
Joint ICTP-TWAS Workshop on Entrepreneurship for Physicists and Engineers from Developing
Countries
Organizers: S. Raghu, D. Bhatt-Chauhan, J. Niemela
23 - 27 April
From Genes to Atomic Structures: An Introduction to Synchrotron-Based Structural Biology
Co-sponsors: International Union of Biochemistry and Molecular Biology (IUBMB), International Union of
Cristallography (IUCr), Douglas Instruments Ltd.
Organizers: S. Onesti, G. Paolucci
Local Organizer: J. Niemela
7 - 18 May
Sixth ICTP Workshop on the Theory and Use of Regional Climate Models
Organizers: F. Giorgi, R. Anyah, R. Porfirio Da Rocha, P. Ruti
7 - 18 May
International School on Nuclear Security
Co-sponsors: Italian Ministry of Foreign Affairs, International Atomic Energy Agency (IAEA)
Organizers: A. Braunegger-Gülich (IAEA), C. Tuniz (ICTP)
21 - 25 May
Workshop on Atmospheric Deposition: Processes and Environmental Impacts
Co-sponsors: International Union of Geodesy and Geophysics (IUGG)
Organizers: F. Dentener, C. Galy-Lacaux
Local Organizer: F. Solmon
21 May - 8 June
ICTP-ESF School and Conference in Dynamical Systems
Co-sponsors: European Science Foundation, PRONEX - Dynamical Systems/CNPq, DynEurBraz, Scuola
Normale Superiore di Pisa
Organizers: S. Luzzatto (ICTP), M. Viana, J.-C. Yoccoz
4 - 7 June
Scientific m-Learning
Organizers: E. Canessa, C. Fonda, M. Zennaro (SDU, ICTP)
4 - 15 June
Joint ICTP-IAEA Nuclear Safety Assessment Institute Workshop
Collaborations: International Atomic Energy Agency (IAEA)
Organizers: M. Mellinger-Deroy, P. Wells (IAEA)
Local Organizer: C. Tuniz
8 June
ICTP eJournals Delivery Service (eJDS) for Scientists in Developing Countries: 10th Anniversary
Organizers: H. Cerdeira, M. Blume, E. Canessa, SDU
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11 - 29 June
ICTP-ESF School and Conference on Geometric Analysis
Co-sponsor: European Science Foundation (ESF)
Organizers: C. Arezzo (ICTP), F. Pacard, R. Schoen, Gang Tian
18 - 29 June
School and Workshop on Computational Algebra and Number Theory
Organizers: H. Cohen, G. Tornaria, W. Stein, F. Rodriguez Villegas
Local Organizer: R. Ramakrishnan
2 - 13 July
Summer School on Quantum Many-Body Physics of Ultra-Cold Atoms and Molecules
Organizers: A. Perali, C. Sa de Melo, C. Salomon, S. Yip
Local Organizer: M. Kiselev
9 - 13 July
Workshop on Effective Gravity in Fluids and Superfluids
Co-sponsors: Scuola Internazionale Superiore di Studi Avanzati (SISSA)
Organizers: J. Niemela (ICTP), W.G. Unruh (Canada), S. Weinfurtner (SISSA)
16 - 20 July
Workshop on Quantum Simulations with Ultracold Atoms
Organizers: I. Bloch, M. Inguscio, M. Lewenstein, A. Trombettoni
Local Organizer: G. Mussardo
16 - 27 July
Summer School on Cosmology
Collaborations: Italian National Institute for Nuclear Physics (INFN)
Organizers: S. Borgani (INAF - OATS), P. Creminelli (ICTP), A. Paranjape (ICTP), E. Sefusatti (ICTP), U.
Seljak (UC and LBNL Berkeley and Zürich U.), R. Sheth (ICTP and UPenn)
30 July - 2 August
Workshop on Large Scale Structure
Collaborations: Italian National Institute for Nuclear Physics (INFN)
Organizers: S. Borgani (INAF - OATS), P. Creminelli (ICTP), A. Paranjape (ICTP), E. Sefusatti (ICTP), U.
Seljak (UC and LBNL Berkeley and Zürich U.), R. Sheth (ICTP and UPenn)
30 July - 10 August
Targeted Training Activity: El Niño Southern Oscillation Monsoon in the Current and Future Climate
Co-sponsors: Indian Institute for Tropical Meteorology (IITM), Ministry of Earth Sciences - Pune, India;
International Union of Geodesy and Geophysics (IUGG) - Denmark; National Natural Science Foundation
of China, NSFC; Center for Ocean-Land-Atmosphere Interactions (COLA) - USA
Organizers: J. Shukla, E. Sarachik, J.M.Wallace
Local Organizer: F. Kucharski
6 - 17 August
Innovations in Strongly Correlated Electronic Systems: School and Workshop
Co-sponsors: ICAM-12CAM, INTEL BIOMAT (funded by ESF), University of Tokyo/RIKEN,
Department of Physics of Nanjing University
Organizers: P. Coleman, A. Chubukov, A. Schofield, Hai-Hu Wen, H. Takagi
Local Organizer: E. Tosatti
6 - 17 August
Joint ICTP-IAEA Workshop on Nuclear Structure Decay Data: Theory and Evaluation
Organizers: D.H. Abriola, J.K. Tuli
Local Organizer: C. Tuniz
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13 - 24 August
Joint ICTP-IAEA Workshop on Physics of Radiation Effect and Its Simulation for Non-Metallic
Condensed Matter
Organizers: A. Simon, A. Zeman (IAEA)
Local Organizer: S. Scandolo
20 - 24 August
Workshop on Majorana Fermions, Non-Abelian Statistics and Topological Quantum Information
Processing
Organizers: Y. Oreg, G. Rafael, A. Stern, F. von Oppen
Local Organizer: M. Kiselev
20 - 31 August
School on Large Scale Problems in Machine Learning and Workshop on Common Concepts in Machine
Learning and Statistical Physics
Co-sponsors: SNN Adaptive Intelligence, Radboud University of Nijmegen, The Netherlands
Organizers: H.J. Kappen, M. Opper, R. Zecchina
Local Organizer: M. Marsili
27 - 31 August
Workshop on Complex Quantum Systems: Non-Ergodicity, Glassiness and Localization
Organizers: C. Chamon (Boston), R. Mössner (MPI Dresden), M. Müller (ICTP), A. Scardicchio (ICTP), F.
Zamponi (ENS Paris)
27 August - 7 September
ICTP-UNDP Wireless Training Workshop for Africa Adaptation Programme
Organizers: M. Zennaro, E. Pietrosemoli
3 - 7 September
Joint ICTP-IAEA School of Nuclear Knowledge Management
Organizer: M. Sbaffoni (IAEA)
Local Organizer: C. Tuniz
3 - 14 September
ICTP-IPM Workshop and Conference in Combinatorics and Graph Theory
Organizers: R.A. Brualdi, G.B Khosrovshahi. Associate Director: S. Akbari
Local Organizer: S. Luzzatto
10 - 28 September
College on Medical Physics
Organizers: S. Tabakov, A. Benini, F. Milano, G.D. Frey, P. Sprawls, L. Bertocchi (ICTP)
17 - 21 September
Behind Neutrino Mass - Workshop on Theoretical Aspects of the Neutrino Mass and Mixing
Collaborations: Italian National Institute for Nuclear Physics (INFN)
Organizers: A. Smirnov, R. Mohapatra, E. Ma, F. Feruglio
24 - 28 September
Workshop on Physical Virology
Organizers: F. Livolant, V. Lorman, C Micheletti, R. Podgornik
Local Organizer: M. Marsili
1 - 5 October
Joint ICTP-IAEA Training in Radiation Protection for Patients
Organizers: M. Rehani (IAEA)
Local Organizer: L Bertocchi

210

ICTP Annual Report 2012

1 - 5 October
Joint ICTP-IAEA Workshop on Sustainable Energy Development: Pathways and Strategies after Rio+20
Organizers: F.L. Toth (IAEA)
Local Organizer: R. Gebauer
1 - 12 October
Joint ICTP-IAEA College on Plasma Physics
Organizers: S. Mahajan, Z. Yoshida, R. Kamendje (IAEA), D. Gomez
Local Organizer: J. Niemela
8 Otober - 12 October
School and Training Course on Dense Magnetized Plasma as a Source of Ionizing Radiations, Their
Diagnostics and Applications
Organizers: V. Gribkov, R. Miklaszewski, C. Tuniz
Local Organizer: M.L. Crespo
10 - 11 October
First openEyA Users Meeting - Didáctica para el Desarrollo (DxD)
Organizers: E. Canessa, SDU Team
15 - 19 October
First CLIM-RUN Workshop on Climate Services
Organizers: P. Ruti (ENEA), F. Giorgi (ICTP)
15 - 24 October
Advanced Workshop on Energy Transport in Low-Dimensional Systems: Achievements and Mysteries
Organizers: A. Dhar, M.N. Kiselev, Y.A. Kosevich, R. Livi
Local Organizer: M. Marsili
29 October - 3 November
Workshop on Geophysical Data Analysis and Assimilation
Co-sponsors: International Union of Geodesy and Geophysics (IUGG)
Organizers: A. Ismail-Zadeh, B. Bukchin, G. Panza
Local Organizer: J. Niemela
5 - 23 November
Joint ICTP-IAEA School of Nuclear Energy Management
Organizers: A. Bychkov, Y. Yanev, T. Karseka (IAEA), F. Quevedo (ICTP)
Local Organizer: C. Tuniz
12 - 16 November
Workshop on Variability in the Western Tropical Pacific: Mechanisms, Teleconnections and Impacts on
Sub-Seasonal, Inter-Annual and Inter-Decadal Time Scales
Organizers: F. Molteni, H. Hendon
Local Organizers: F. Kucharski, R. Farneti
19 - 23 November
Workshop on Recent Developments in Astronuclear and Astroparticle Physics
Collaborations: Italian National Institute for Nuclear Physics (INFN)
Organizers: M. Busso, C. Ciofi degli Atti, S. Fantoni, M. Feroci, D. Treleani, A. Vacchi
Local Organizer: R. Sheth
26 - 30 November
School on Numerical Methods for Materials Science Related to Renewable Energy Applications
Co-sponsors: South Africa's National Institute for Theoretical Physics (NITheP)
Organizers: F. De Angelis, S. Fabris, R. Gebauer, N. Seriani
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26 November - 7 December
Winter School on Quantitative Systems Biology
Organizers: V. Balasubramanian, A. Sengupta, M. Vendruscolo
Local Organizer: M. Marsili
3 - 7 December
Joint ICTP-IAEA Course on Natural Circulation Phenomena and Passive Safety Systems in Advanced
Water Cooled Reactors
Organizers: Jong Ho Choi (IAEA)
Local Organizer: J. Niemela
3 - 7 December
Workshop on Nanophotonics
Co-sponsors: Argonne National Laboratory (ANL), US National Science Foundation (NSF), International
Institute for Complex Adaptive Matter (ICAM-12CAM)
Organizers: F. Capasso, D. Lopez, E. Isaacs, A. Fainstein
Local Organizer: E. Tosatti
3 - 14 December
Working Group on Nonstable Classical Algebraic K-theory
Organizers: ICTP Mathematics Section
10 - 14 December
Joint ICTP-IAEA International Training Workshop on Transitioning from 2D to 3D Conformal
Radiotherapy and Intensity Modulated Radiation Therapy
Organizers: D. van der Merwe (IAEA), H. Amols (AAPM)
Local Organizer: L. Bertocchi

HELD OUTSIDE TRIESTE
15 - 28 January
Haiti School on Earthquake Science (Port-au-Prince, Haiti)
Organizer: A. Aoudia (ICTP)
Local Organizers: J. Vernet Henry (Rector of UEH, Haiti), J.R. Momplaisir, J. Jadotte (FDS, UEH), E.
Calais (UNDP Haiti)
15 - 28 January
ICTP/SAAO/PI Cape Town International Cosmology School (Stellenbosch, South Africa)
Co-sponsors: AIMS South Africa, National Research Foundation, Perimeter Institute, Royal Society, SKA
Africa
Organizers: B. Bassett, P. Creminelli, R. Maartens, R. Sheth
23 January - 3 February
Workshop on Infectious Diseases (Arusha, Tanzania)
Organizers: A.P. Dobson, G.A. Canziani, G.A. De Leo, M. Pascual
4 - 13 February
CIMPA-ICTP Research School on Local Analytic Geometry (Lahore, Pakistan)
Co-sponsors: UNESCO, MESR, MICINN, ICTP, HEC Pakistan
Organizers: Centre International de Mathématiques Pures et Appliquées (CIMPA), Abdus Salam School of
Mathematical Sciences (ASSMS), National Center for Mathematics (NCM), GC University Lahore
16 - 20 April
7th International Conference on Mathematical Methods in Physics (Rio de Janeiro, Brazil)
Co-sponsors: CBPF, IMPA, TWAS, SISSA, CLAF, CAPES, CNPq, CAPES, FAPERJ, FAPESP
Collaborations: CBPF, IMPA, ICTP, TWAS, SISSA
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Organizers: E. Abdalla, L. Bonora, H. Bursztyn, A. Bytsenko, B. Dubrovin, M.E.X. Guimaraes and J.A.
Helayel-Neto
30 April - 11 May
First ICO-ICTP-TWAS Central American Workshop in Lasers, Laser Applications and Laser Safety
Regulations (San José, Costa Rica)
Organizers: M.L. Calvo, A.M. Guzman (ICO), J. Niemela (ICTP)
Local Organizer: L.D. Marin Naranjo
7 - 12 May
Joint ICTP-TWAS Workshop on Climate Change in Mediterranean and Caribbean Seas: Research
Experiences and New Scientific Challenges (Guayaquil, Ecuador)
Organizers: R. Martinez (CIIFEN), A Crise, S. Salon (OGS)
Organizer at ICTP: R. Farneti
7 - 18 May
CIMPA-ICTP Research School on Structures Geometriques et Théorie du Controle (Dakar, Senegal)
Co-sponsors: UNESCO, MICINN, Université Cheik Anta Diop
Organizers: M. Balde, S. Kane, P. Ngom
28 May - 8 June
2nd African School on 'Electronic Structure Methods and Applications' (ASESMA 2012) (Eldoret, Kenya)
Co-sponsors: American Physical Society, Division of Computational Physics; Beijing Computational Science
Research Center; Chepkoilel University College; CNR-IOM-DEMOCRITOS National Simulation Center,
Trieste, Italy; International Center for Materials Research (ICMR), Santa Barbara, USA; International
Union for Pure and Applied Physics (IUPAP); National Council for Science and Technology, Kenya;
National Institute for Theoretical Physics (NITheP), South Africa; US Liaison Committee for IUPAP;
International Council for Science (ICSU)
Organizers: G. Amolo, N. Makau, N. Chetty, R. Martin, S. Scandolo
17 - 29 June
Fourth Hands-on Research in Complex Systems School (Shanghai, People's Republic of China)
Organizers: D. Cai, R. Roy, K. Showalter, H.L. Swinney
ICTP Local Organizer: J. Niemela
15 July - 4 August
African School on Fundamental Physics and Its Applications (Kumasi, Ghana)
Organizers: B. Acharya, K. Assamagan C. Darve, J. Ellis, S. Muanza
30 July - 17 August
First Regional Workshop on Distributed Embedded Systems with Emphasis on Open Source (Kampar,
Malaysia)
Organizers: A. Induruwa (UK), C. Kavka (Italy), U. Raich (Switzerland), M.L. Crespo, A. Cicuttin (ICTP),
S.W. Lee, C.S. Ang (Local Organizers in Malaysia)
13 - 17 August
Joint ICTP-KFAS Workshop on the Cooperative Experience for Integrating Land and Water Resources
Management in Latin America (Fortaleza, Brazil)
Co-sponsors: Kuwait Foundation for the Advancement of Sciences (KFAS), International Union of Geodesy
and Geophysics (IUGG)
Organizers: H.A. Barbosa (LAPIS/UFAL), A.M. Tompkins (ICTP), A.G. Ferreira (FUNCEME)
27 August - 21 September
Joint ICTP-TWAS Caribbean School on Electronic Structure Fundamentals and Methodologies (An Abinitio Perspective) (Cartagena, Colombia)
Organizers: S. Scandolo, J.A. Montoya, C. Beltran
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1 - 5 October
ICTP-IAEA-BATAN Workshop on Wireless Sensor Networks for Radiation Monitoring (Jakarta,
Indonesia)
Organizers: H. Haditjahyono (BATAN), M. Zennaro (ICTP)
15 - 21 November
Workshop on Quantification of Seismic Hazards in the Indo/Asian Collision Zone (Kathmandu, Nepal)
Co-sponsors: International Union of Geodesy and Geophysics (IUGG), National Science Foundation
(NSF), UNAVCO, Tribhuvan University
Organizers: A. Aoudia (ICTP) R. Bilham (Colorado University), B.N. Upreti (Tribhuvan University)
19 November - 7 December
Joint ICTP-TWAS Latin-American Advanced Course on FPGA Design for Scientific Instrumentation
(Havana, Cuba)
Organizers: L. Hernandez Tabares (Cuba), N. Abdallah (USA), A. Cicuttin and M.L. Crespo (ICTP)
26 November - 7 December
Physware 2012: A Collaborative Workshop on Low-Cost Equipment and Appropriate Technologies that
Promote Undergraduate-level, Hands-on Physics Education throughout the Developing World (New
Delhi, India)
Co-sponsors: International Union of Pure and Applied Physics (IUPAP), International Commission on
Physics Education (ICPE), India Sri Lanka Foundation, Indian National Science Academy, Council of
Scientific and Industrial Research (CSIR, India), Vigyan Prasar (India), Department of Science and
Technology (DST, India), University Grants Commission (UGC, India), D.S. Kothari Centre for Research
and Innovation in Science Education (DSKC, India), Miranda House (University of Delhi, India)
Organizers: P. Jolly (University of Delhi), P. Laws (Dickinson College, USA), E. Sassi (Federico II
University, Italy) , D. Zollman (Kansas State University, USA)
ICTP Co-ordinator: J. Niemela
Local Organizers: P. Jolly, M. Verma (University of Delhi)
10 - 17 December
Joint ICTP-TWAS Conference and Advanced School on Quantification of Earthquake Hazards in the
Caribbean: The Gonave Microplate (Santiago de Cuba, Cuba)
Organizers: L. Alvarez, B. Moreno, A. Aoudia

HOSTED ACTIVITIES
23 January - 3 February
School on Quantum Monte Carlo Methods at Work for Novel Phases of Matter
Organizers: F. Becca (CNR and SISSA), S. Moroni (CNR and SISSA), M. Müller (ICTP), S. Sorella (SISSA)
20 - 24 February
The Third Cordex-Africa Analysis Workshop
Organizers: The Climate Systems Analysis Group, University of Cape Town, South Africa and START
27 February - 1 March
ICGEB Theoretical Course "RNA Structure and Function"
Organizers: G. Tocchini-Valentini (CNR, Rome, Italy)
4 - 6 March
Iranian National Observatory (INO) Conceptual Design Review Meeting
Organizers: R. Mansouri, S. Arbabi
5 - 16 March
IAEA Workshop on "Environmental Degradation of Components in Nuclear Power Reactors"
Organizers: IAEA
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9 - 11 March
Study Day of EATGA
Organizers: S. Amati
12 - 13 March
HP Italia 2012: Italian Workshop on High-Pressure Science
Organized jointly by ICTP and Elettra Synchrotron Facility, Trieste
Organizers: R. Bini (Firenze), P. Postorino (Roma), A. Lausi (Elettra), A. Perucchi (Elettra), S. Scandolo
(ICTP)
14 - 17 March
Training Course in Science Communication in the Framework of the UNILHC Project
Organizers: SISSA Medialab
15 March
Meeting Lufthansa Systems
24 - 27 March
EURASNET Meeting 2012
Organizers: ICGEB
29 - 30 March
Con il server fra le nuvole: infrastrutture, piattaforme e servizi condivisi nei nuovi modelli di gestione dei
servizi bibliotecari
Organizers: Associazione Italiana Utenti ExLibris (ITALE)
Local Organizer: L. Visintin (ICTP Library Head)
31 March
Olimpiadi delle Neuroscienze
Organizers: Università di Trieste
2 - 5 April
Joint SISSA-ICTP Workshop on Interacting Galaxies and Binary Quasars
Organizers: J. Moreno (SISSA), R. Sheth (ICTP)
3 - 6 May
5th Alpe-Adria Medical Physics Meeting and EFOMP Meeting
Organizers: M. de Denaro, A.O.U. Ospedali Riuniti di Trieste
7 - 9 May
Congress "In Silico Enzyme Design and Screening" (EU Project IRENE)
Organizers: Dipartimento di Scienze Chimiche e Farmaceutiche dell'Università di Trieste
15 - 16 May
Synchrotron Radiation X-ray Imaging for Life Sciences and Cultural Heritage
Organizers: Sincrotrone Trieste
19 - 20 May
First Workshop on Linear Mirror Systems and Their Integrations
Organizers: H. Grassmann, University of Udine
20 - 27 May
OLIFIS "A un passo dalla IPHO"
Organizer: G. Cavaggioni
26 May
Convegno "Mare NORDEST"
Organizer: R. Bolelli
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25 August
IUPAP C13 Meeting
Organizer: S. Scandolo
6 - 7 September
Children's Voices: Exploring Interethnic Violence and Children's Rights in the School Environment
25 - 27 September
19th Meeting of Senior Fellowships Officers of the UN System
Organizer: D. Treleani
1 - 12 October
IAEA TC Regional Europe Project Workshop on Strengthening Nuclear Safety Assessment Capabilities
Organizer: M. Mellinger (IAEA)
16 - 18 October
Workshop on the Physics of Star Formation and Its Role in Galaxy Evolution
Organizers: INAF
Local Organizer: R. Sheth
25 - 26 October
ERCOFTAC Autumn Festival
25 October - 26 October
REFINE Meeting and Industry Day 2012
10 - 12 December
Seeding and Self-seeding at New FEL Sources
Organizers: Sincrotrone Trieste S.c.p.A.
11 - 12 December
Science @C-Eric
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SCIENTIFIC PAPERS

HIGH ENERGY, COSMOLOGY AND ASTROPARTICLE PHYSICS
Published (61, plus 128 within the ATLAS Collaboration )
AbdusSalam, S.S. 2012. LHC-7 supersymmetry search interpretation within the pMSSM. arXiv:1211.0999
[hep-ph]
AbdusSalam, S.S.; Choudhury, D. 2012. Higgs boson discovery versus sparticles prediction: Impact on the
pMSSM's posterior samples from a Bayesian global fit. arXiv:1210.3331 [hep-ph]
Cavanaugh, R.; Hewett, J.L.; Kraml, S.; Mangano, M.L.; Polesello, G. (eds.) Contributing authors:
AbdusSalam, S.S.; Allanach, B.C.; Arbey, A.; Alves, D.S.M.; Baer, H.; Battaglia, M.; Quevedo, F. et al. 2012.
Implications of LHC results for TeV-scale physics: new physics with missing energy signatures. Submitted
to the Open Symposium of the European Strategy Preparatory Group, 10-12 September 2012 Krakow,
Poland
Acharya, B.; Kane, G.; Kumar, P.; Lu, R.; Zheng, B. 2012. Mixed wino-axion dark matter in String/M
Theory and the 130 GeV gamma-line 'signal'. arXiv:1205.5789 [hep-ph]
Acharya, B.; Kane, G.; Kumar, P. 2012. Compactified string theories -- generic predictions for particle. Int.
J. Mod. Phys. A 27 1230012, arXiv:1204.2795 [hep-ph]
Arean, D. 2012. IIB superfluid flows. Fortsch. Phys. 60 854, arXiv:1204.0912
Creminelli, P.; Hinterbichler, K.; Khoury, J.; Nicolis, A.; Trincherini. E. 2012. Subluminal Galilean genesis.
JCAP, accepted, arXiv:1209.3768 [hep-th]
Creminelli, P.; Norena, J.; Pena, M.; Simonovic, M. 2012. Khronon inflation. JCAP 1211 032,
arXiv:1206.1803 [hep-th]
Creminelli, P.; Norena, J.; Simonovic, M. 2012. Conformal consistency relations for single-field inflation.
JCAP 1207 052, arXiv:1203.4595 [hep-th]
Gava, E. 2012. RG flows and instantons. AIP Conf. Proc. 1483 135-143
Hatefi, E. 2012. On higher derivative corrections to Wess-Zumino and tachyonic actions in type II super
string theory. Phys. Rev. D 86 046003, arXIV:1203.1329 [hep-th]
Hatefi, E.; Park, I.Y. 2012. More on closed string induced higher derivative interactions on D-branes. Phys.
Rev. D 85 125039, arXiv:1203.5553 [hep-th]
Hatefi, E.; Nurmagambetov, A.J.; Park, I.Y. 2012. N3 entropy of M5 branes from dielectric effect. Nucl.
Phys. B 866 (2013) 58-71, arXiv:1204.2711 [hep-th]
Hatefi, E.; Nurmagambetov, A.J.; Park, I.Y. 2012. Near-extremal black-branes with n*3 entropy growth.
Int. J. Mod. Phys. A 27 1250182, arXiv:1204.6303 [hep-th]
Hatefi, E.; Park, I.Y. 2012. Universality in all-order a' corrections to BPS/non-BPS brane world volume
theories. Nucl. Phys. B 864 640-663, arXiv:1205.5079 [hep-th]
Hatefi, E. 2012. Shedding light on new Wess-Zumino couplings with their corrections to all orders in
alpha-prime. arXiv:1211.2413 [hep-th]
Hatefi, E. 2012. On D-brane anti D-brane effective actions and their corrections to all orders in alphaprime. arXiv:1211.5538 [hep-th]
Alonso, R.; Gavela, B.; Hernandez-Diaz, D.; Merlo, L. 2012. On the potential of leptonic minimal flavour
violation. Phys. Lett. B 715 194-198
Hernandez-Diaz, D.; Smirnov, A.Y. 2012. Lepton mixing and discrete symmetries. Phys. Rev. D 86
053014
Akhmedov, E.; Hernandez-Diaz, D.; Smirnov, A.Y. 2012. Neutrino production coherence and oscillation
experiments. JHEP 1204 052
Hernandez-Diaz, D.; Smirnov, A.Y. 2012. Active to sterile neutrino oscillations: coherence and MINOS
results. Phys. Lett. B 706 360
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Narain, K.S. 2012. Generalized N=2 topological amplitudes and holomorphic anomaly equation. Nucl. Phys.
B 856 360-412
Nemevsek, M. 2012. Low scale left-right symmetry and warm dark matter. Proceedings of the CETUP
workshop (CETUP*12-017), Conference: C12-07-10.2, arXiv:1212.1039 [hep-ph]
Nemevsek, M.; Senjanovic, G.; Tello, V. 2012. Left-right symmetry: from Majorana to Dirac. Submitted
to PRL, arXiv:1211.2837 [hep-ph]
Nemevsek, M.; Senjanovic, G.; Zhang, Y. 2012. Warm dark matter in low scale left-right theory. JCAP
1207 006, arXiv:1205.0844 [hep-ph]
Desjacques, V.; Paranjape, A.; Sheth, R.K. 2012. Excursion set peaks: a self-consistent model of dark halo
abundances and clustering. Monthly Notices of the Royal Astronomical Society, arXiv:1210.1483
Paranjape, A.; Sheth, R.K. 2012. Peaks theory and the excursion set approach. Monthly Notices of the Royal
Astronomical Society 426 2789, arXiv:1206.3506
Musso, M.; Paranjape, A.; Sheth, R.K. 2012. Scale dependent halo bias in the excursion set approach.
Monthly Notices of the Royal Astronomical Society 427 3145, arXiv:1205.3401
Figueroa, D.; Sefusatti, E.; Vernizzi, F.; Riotto, A. 2012. The Halo Model Bispectrum with non-Gaussian
initial conditions. J. Cosmol. Astropart. Phys. 08 036, arXiv:1205.2015 [astro-ph.CO]
Chen, X.; Fergusson, J.; Sefusatti, E.; Shellard, E.P.S. 2012. Effects and detectability of quasi-single field
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STATISTICS

N. OF
APPLICATIONS

N. OF LECTURERS

N. OF PERSONMONTHS***

N. OF VISITS**

REGIONS*

DATES

ACTIVITY TITLE

SMR

VISITS TO RESEARCH AND TRAINING ACTIVITIES, 2012

1. RESEARCH AND PROGRAMMES
RESEARCH ACTIVITIES
High Energy, Cosmology and
Astroparticle Physics (HECAP)

Condensed Matter and Statistical
Physics (CMSP)

Mathematics (Math)

Earth System Physics (ESP)

Applied Physics (AP)

Miscellaneous Research

ICTP Elettra Users Programme

Sandwich Training Educational
Programme (STEP)

Training and Research in Italian
Laboratories (TRIL)

01/01/12

31/12/12 Developed
Developing
Least DC
TOTAL
01/01/12 31/12/12 Developed
Developing
Least DC
TOTAL
01/01/12 31/12/12 Developed
Developing
Least DC
TOTAL
01/01/12 31/12/12 Developed
Developing
Least DC
TOTAL
01/01/12 31/12/12 Developed
Developing
Least DC
TOTAL
01/01/12 31/12/12 Developed
Developing
Least DC
TOTAL
01/01/12 31/12/12 Developed
Developing
TOTAL
01/01/12 31/12/12 Developed
Developing
Least DC
TOTAL
01/01/12 31/12/12 Developed
Developing
Least DC
TOTAL
Total by region: Developed
Developing
Least DC

TOTAL RESEARCH AND PROGRAMMES

2. DIPLOMA PROGRAMME
2319 High Energy Physics (Academic
year 2011-2012)

01/01/12

31/08/12 Developed
Developing
Least DC
TOTAL

95
64
1
160
139
80
4
223
40
92
8
140
178
30
3
211
46
20
3
69
122
135
15
272
1
45
46
5
31
9
45
22
81
11
114
648
578
54
1280

334.45
85.05
0.56
420.06
224.1838
145.4285
5.720485
375.33
55.53
146.86
14.83
217.21
229.41
58.59
10.77
298.76
67.99
46.98
0.53
115.49
113.21
172.11
33.05
318.36
0.36
21.02
21.39
11.01
93.50
40.52
145.03
109.35
408.19
78.87
596.41
1145.49
1177.73
184.84
2508.05

1
7

7.65
55.78

4
12

31.55
94.97

83
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2430 High Energy Physics (Academic
year 2012-2013)

01/09/12

2320 Condensed Matter Physics
(Academic year 2011-2012)

01/01/12

2431 Condensed Matter Physics
(Academic year 2012-2013)

01/09/12

2321 Mathematics (Academic year 20112012)

01/01/12

2433 Mathematics (Academic year 20122013)

01/09/12

2318 Earth System Physics (Academic
year 2011-2012)

01/01/12

2432 Earth System Physics (Academic
year 2012-2013)

01/09/12

2322 Basic Physics (Academic year 20112012)

01/01/12

31/12/12 Developing
Least DC
TOTAL
31/08/12 Developed
Developing
Least DC
TOTAL
31/12/12 Developing
Least DC
TOTAL
31/08/12 Developed
Developing
Least DC
TOTAL
31/12/12 Developing
Least DC
TOTAL
31/08/12 Developed
Developing
Least DC
TOTAL
31/12/12 Developing
Least DC
TOTAL
31/08/12 Developing
Least DC
TOTAL

Total by region: Developed
Developing
Least DC
TOTAL DIPLOMA PROGRAMMES

7
4
11
1
6
5
12
8
1
9
1
6
4

N. OF
APPLICATIONS

N. OF LECTURERS

N. OF PERSONMONTHS***

N. OF VISITS**

REGIONS*

DATES

ACTIVITY TITLE

SMR

VISITS TO RESEARCH AND TRAINING ACTIVITIES, 2012

26.54
14.57
41.11
6.69
37.48
23.38
67.55
31.57
4.01
35.58
0.89
31.47
28.98

!!

"!#$%

5
6

20.05
23.97

!!

%%#&'

1
5
3

8.02
38.06
22.94

(

"(#&'

6
4

24.07
16.04

129

89

128

76

101

50

!&

%&#!!

7
7

54.51
55.05

!%

!&(#)*

83

4
57
38
99

23.25
319.53
220.50
563.28

828

89

3. TRAINING ACTIVITIES
HIGH ENERGY, COSMOLOGY AND ASTROPARTICLE PHYSICS (HECAP): 8 training activities
2290 ICTP/SAAO/PI Cape Town
15/01/12 28/01/12 Developed
16
International Cosmology School
Developing
34
(Stellenbosch, South Africa)
Least DC
2
TOTAL
)'
2326 School on Strongly Coupled Physics
16/01/12 24/01/12 Developed
65
Developing
31
Beyond the Standard Model
TOTAL
96
2400 Workshop on Strongly Coupled
25/01/12 27/01/12 Developed
65
Physics Beyond the Standard Model
Developing
23
TOTAL
++
2331 Spring School on Superstring
19/03/12 27/03/12 Developed
61
Developing
58
Theory and Related Topics
TOTAL
!!(
2354 Summer School on Cosmology
16/07/12 27/07/12 Developed
118

7.36
15.65
0.92

'$#($

—

208

18.25
9.17
27.42
6.28
2.27

9

158

+#))

21

101

10

208

17.19
16.64

$$#+$
43.64
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2354 Summer School on Cosmology

16/07/12

2419 Workshop on Large Scale Structure

30/07/12

2366 Behind Neutrino Mass - Workshop
on theoretical aspects of the
neutrino mass and mixing

17/09/12

2347 Workshop on Recent Developments
in Astronuclear and Astroparticle
Physics

19/11/12

N. OF
APPLICATIONS

N. OF LECTURERS

N. OF PERSONMONTHS***

N. OF VISITS**

REGIONS*

DATES

ACTIVITY TITLE

SMR

VISITS TO RESEARCH AND TRAINING ACTIVITIES, 2012

27/07/12
Developing
Least DC
TOTAL
02/08/12 Developed
Developing
Least DC
TOTAL
21/09/12 Developed
Developing
Least DC
TOTAL
23/11/12 Developed
Developing

TOTAL
Total by region: Developed
Developing
Least DC
TOTAL HIGH ENERGY, COSMOLOGY AND ASTROPARTICLE PHYSICS (HECAP)
CONDENSED MATTER AND STATISTICAL PHYSICS (CMSP): 16 training activities
2279 Workshop on Infectious Diseases
23/01/12 03/02/12 Developed
(Arusha, U.R. of Tanzania)
Developing
Least DC
TOTAL
2332 School on Synchrotron and FEL
19/03/12 30/03/12 Developed
Based Methods and their MultiDeveloping
Disciplinary Applications
TOTAL
2336 From Genes to Atomic Structures:
23/04/12 27/04/12 Developed
an Introduction to SynchrotronDeveloping
Based Structural Biology
Least DC
TOTAL
2385 2nd African School on 'Electronic
28/05/12 08/06/12 Developed
Structure Methods and Applications'
Developing
(ASESMA 2012) (Eldoret, Kenya)
Least DC
TOTAL
2348 Summer School on Quantum Many02/07/12 13/07/12 Developed
Body Physics of Ultra-Cold Atoms
Developing
and Molecules
Least DC
TOTAL
2350 Workshop on Quantum Simulations
16/07/12 20/07/12 Developed
with Ultracold Atoms
Developing
Least DC
TOTAL
2357 Innovations in Strongly Correlated
06/08/12 17/08/12 Developed
Electronic Systems: School and
Developing
Workshop
Least DC
TOTAL
2359 Joint ICTP-IAEA Workshop on
13/08/12 24/08/12 Developed
Physics of Radiation Effect and its
Developing
Simulation for Non-Metallic
Least DC
Condensed Matter
TOTAL
2360 Workshop on Majorana Fermions,
20/08/12 24/08/12 Developed
Non-Abelian Statistics and
Topological Quantum Information
Processing

83
6

32.15
2.29

81
52
2

10.45
6.84
0.26

&'(

&#%()

56
29
1

8.84
4.70
0.16

!"#

#$%"$

17

477

41

214

40

152

$)

&'%#&

38
18

5.10
2.95

()

$%"(

32

61

500 117.1199
328
90.36
11
3.64
839
211.13

170

1579

24

132

31

160

15

112

27

236

17

192

41

166

39

216

15

109

11
4
9

3.91
1.58
3.55

!*

+%"*

47
35

9.70
13.58

$!

!'%!$

22
26
1

3.11
4.21
0.16

*+

#%*$

18
42
3

6.90
16.41
1.18

)'

!*%*+

72
64
4

24.93
24.01
1.37

&*"

("%'&

93
43
3

13.94
6.91
0.41

&'+

!&%!)

112
65
5

36.30
24.00
1.73

&$!

)!%"'

35
18
1

10.13
6.94
0.36

(*

&#%*!

84

13.25
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2360 Workshop on Majorana Fermions,
Non-Abelian Statistics and
Topological Quantum Information
Processing
2361 School on Large Scale Problems in
Machine Learning and Workshop on
Common Concepts in Machine
Learning and Statistical Physics

20/08/12

2390 Joint ICTP-TWAS Caribbean School
on Electronic Structure
Fundamentals and Methodologies
(an Ab-initio Perspective)
(Cartagena, Colombia)

27/08/12

TOTAL
21/09/12 Developed
Developing

2362 Workshop on Complex Quantum
Systems: Non-Ergodicity,
Glassiness and Localization

27/08/12

TOTAL
31/08/12 Developed
Developing

!"$#"

24/09/12

TOTAL
28/09/12 Developed
Developing

#%

2367 Workshop on Physical Virology

64
12

10.19
1.97

!($!#

15/10/12

TOTAL
24/10/12 Developed
Developing
Least DC

%#

2371 Advanced Workshop on Energy
Transport in Low-Dimensional
Systems: Achievements and
Mysteries

29
37
1

7.30
11.28
0.33

20/08/12

Developing
Least DC
TOTAL
31/08/12 Developed
Developing
Least DC

26/11/12

MATHEMATICS (Math): 5 training activities
2383 7th International Conference on
16/04/12
Mathematical Methods in Physics
(Joint Conference: CBPF-IMPA-ICTPSISSA-TWAS) (Rio de Janeiro,
Brazil)
2340 ICTP-ESF School and Conference in
Dynamical Systems

21/05/12

2345 ICTP-ESF School and Conference on
Geometric Analysis

11/06/12

N. OF
APPLICATIONS

24/08/12

TOTAL
07/12/12 Developed
Developing
Least DC
TOTAL
2377 Workshop on Nanophotonics
03/12/12 07/12/12 Developed
Developing
Least DC
TOTAL
Total by region: Developed
Developing
Least DC
TOTAL CONDENSED MATTER AND STATISTICAL PHYSICS (CMSP)
2415 Winter School on Quantitative
Systems Biology

N. OF LECTURERS

N. OF PERSONMONTHS***

N. OF VISITS**

REGIONS*

DATES

ACTIVITY TITLE

SMR

VISITS TO RESEARCH AND TRAINING ACTIVITIES, 2012

20
2

3.29
0.18

!"#

!#$%!

55
33
1

15.52
12.69
0.36

&'

(&$)%

7
40

2.30
22.22

*%

(*$)+

47
20

7.36
3.23

#%

!&$'"

46
26

15.75
10.05

%(

()$&"

83
36
4

12.03
5.75
0.65

31

108

24

134

14

135

26

58

30

80

25

105

18

161

!(+

!&$*+

33

337

825
521
34
1380

192.62
168.12
10.28
371.02

410

2441

20/04/12 Developed
Developing

3
60

0.49
9.86

TOTAL
08/06/12 Developed
Developing
Least DC
TOTAL
29/06/12 Developed
Developing
Least DC

63
107
89
9

10.36
46.28
48.46
5.38

0

140

(")

!""$!(

49

311

69
51
4

28.34
28.50
2.36
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2346 School and Workshop on
Computational Algebra and Number
Theory
2364 ICTP-IPM Workshop and Conference
in Combinatorics and Graph Theory

TOTAL MATHEMATICS (Math)
EARTH SYSTEM PHYSICS (ESP): 10 training activities
2213 Haiti School on Earthquake Science
15/01/12 28/01/12 Developed
(Port-au-Prince, Haiti)
Least DC

2339 Workshop on Atmospheric
Deposition: Processes and
Environmental Impacts

21/05/12

2382 Joint ICTP-TWAS Workshop on
Climate Change in Mediterranean
and Caribbean Seas: Research
Experiences and New Scientific
Challenges (Guayaquil, Ecuador)

07/05/12

2337 Sixth ICTP Workshop on the Theory
and Use of Regional Climate Models

07/05/12

2356 Targeted Training Activity: El Nino
Southern Oscillation Monsoon in the
Current and Future Climate

30/07/12

2429 First CLIM-RUN Workshop on
Climate Services

15/10/12

2373 Workshop on Geophysical Data
Analysis and Assimilation

29/10/12

2341 Workshop on Variability in the
Western Tropical Pacific:
Mechanisms, Teleconnections and
Impacts on Sub-Seasonal, InterAnnual and Inter-Decadal Time
Scales

12/11/12

2386 Workshop on Quantification of
Seismic Hazards in the Indo/Asian
Collision Zone (Kathmandu, Nepal)

15/11/12

!"#

$%&"'

32
29
1

10.62
10.86
0.33

("

"!&)!

50
74
2

15.62
27.91
0.79

N. OF
APPLICATIONS

22

61

27

121

!"(

##&*"

24

201

261
303
16
580

101.35
125.60
8.86
235.80

122

834

5
27

1.74
12.43
8

0

12

106

15

48

26

306

20

53

11

108

17

122

13

92

*"

!#&!+

19
29
2
50
9
11

2.79
4.77
0.33
7.89
1.55
1.97

TOTAL
18/05/12 Developed
Developing
Least DC
TOTAL
10/08/12 Developed
Developing
Least DC
TOTAL
19/10/12 Developed
Developing
Least DC
TOTAL
03/11/12 Developed
Developing
Least DC
TOTAL
16/11/12 Developed
Developing
Least DC

20
47
76
9
132
24
53
9
86
22
7
3
32
25
22
1

3.52
16.47
28.41
3.55
48.43
6.31
19.47
3.50
29.28
2.86
1.08
0.49
4.44
4.57
4.34
0.20

TOTAL
21/11/12 Developed
Developing
Least DC

*(

$&(%

5
26
8

1.15
5.98
1.84

TOTAL
25/05/12 Developed
Developing
Least DC
TOTAL
12/05/12 Developed
Developing

N. OF LECTURERS

N. OF PERSONMONTHS***

REGIONS*

DATES

TOTAL
29/06/12 Developed
Developing
Least DC
TOTAL
03/09/12 14/09/12 Developed
Developing
Least DC
TOTAL
Total by region: Developed
Developing
Least DC
18/06/12

N. OF VISITS**

2345

ACTIVITY TITLE

SMR

VISITS TO RESEARCH AND TRAINING ACTIVITIES, 2012

#)

%&!!

16
19
1

2.43
3.09
0.16
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2380 Joint ICTP-TWAS Conference and
Advanced School on Quantification
of Earthquake Hazards in the
Caribbean: The Gonave Microplate
(Santiago de Cuba, Cuba)

TOTAL
17/12/12 Developed
Developing

TOTAL
Total by region: Developed
Developing
Least DC
TOTAL EARTH SYSTEM PHYSICS (ESP)
APPLIED PHYSICS (AP): 18 training activities
2327 Joint ICTP-IAEA Workshop on
23/01/12
Fusion Plasma Modelling using
Atomic and Molecular Data
2397 Preparatory School to the Winter
College on Optics: Advances in
Nano-Optics and Plasmonics

30/01/12

2328 Winter College on Optics: Advances
in Nano-Optics and Plasmonics

06/02/12

2333 Workshop on Science Applications
of GNSS in Developing Countries
(11-27 April), followed by the:
Seminar on Development and Use
of the Ionospheric NeQuick Model
(30 April-1 May)

11/04/12

2381 First ICO-ICTP-TWAS Central
American Workshop in Lasers, Laser
Applications and Laser Safety
Regulations (San Jose-Costa Rica)

30/04/12

2387 Fourth Hands-On Research in
Complex Systems School
(Shanghai, China P.R.)

17/06/12

2355 Workshop on Effective Gravity in
Fluids and Superfluids

09/07/12

2434 First Regional Workshop on
Distributed Embedded Systems with
Emphasis on Open Source (Kampar,
Malaysia)

30/07/12

2358 Joint ICTP-IAEA Workshop on
Nuclear Structure Decay Data:
Theory and Evaluation

06/08/12

27/01/12 Developed
Developing
Least DC
TOTAL
03/02/12 Developed
Developing
Least DC
TOTAL
17/02/12 Developed
Developing
Least DC
TOTAL
01/05/12 Developed
Developing
Least DC

TOTAL
11/05/12 Developed
Developing

TOTAL
29/06/12 Developed
Developing
Least DC
TOTAL
13/07/12 Developed
Developing
Least DC
TOTAL
17/08/12 Developed
Developing
Least DC
TOTAL
17/08/12 Developed
Developing
Least DC
TOTAL

!"

#$"#

4
29

0.99
7.63

33
176
272
60
508

8.61
40.87
76.74
22.50
140.10

16
16
1

2.50
2.56
0.16

!!

%$&!

12
29
1

1.97
4.77
0.16

'&

($")

62
52
3

16.18
19.36
0.99

N. OF
APPLICATIONS

N. OF LECTURERS

N. OF PERSONMONTHS***

REGIONS*

DATES
10/12/12

N. OF VISITS**

2386

ACTIVITY TITLE

SMR

VISITS TO RESEARCH AND TRAINING ACTIVITIES, 2012

0

64

0

56

122

955

11

74

3

262

16

343

**+

!($%!

54
50
13

12.07
31.20
8.75

117
3
35

52.01
0.72
11.57

42

183

15

109

31

106

39

25

10

75

11

93

!#

*&$!)

13
53
5

5.56
22.65
2.14

+*

!)$!'

55
11
2

8.58
1.81
0.33

(#

*)$+&

7
36
5

3.91
22.49
3.06

'#

&"$'(

13
21
2

4.50
8.09
0.79

!(

*!$!#
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2524 ICTP-UNDP Wireless Training
Workshop for Africa Adaptation
Programme

27/08/12

2365 College on Medical Physics

10/09/12

2368 Joint ICTP-IAEA Training in
Radiation Protection for Patients

01/10/12

2369 Joint ICTP-IAEA College on Plasma
Physics

01/10/12

2521 ICTP-IAEA-BATAN Workshop on
Wireless Sensor Networks for
Radiation Monitoring (Jakarta,
Indonesia)

01/10/12

2370 School and Training Course on
Dense Magnetized Plasma as a
Source of Ionizing Radiations, their
Diagnostics and Applications

08/10/12

2384 Joint ICTP-TWAS Latin-American
Advanced Course on FPGA Design
for Scientific Instrumentation
(Havana, Cuba)

19/11/12

2349 Joint ICTP-IAEA Course on Natural
Circulation Phenomena and Passive
Safety Systems in Advanced Water
Cooled Reactors

03/12/12

2378 Joint ICTP-IAEA International
Training Workshop on Transitioning
from 2D to 3D Conformal
Radiotherapy and Intensity
Modulated Radiation Therapy

10/12/12

07/09/12 Developed
Developing
Least DC
TOTAL
28/09/12 Developed
Developing
Least DC
TOTAL
05/10/12 Developed
Developing
Least DC
TOTAL
12/10/12 Developed
Developing
Least DC
TOTAL
05/10/12 Developed
Developing
Least DC
TOTAL
12/10/12 Developed
Developing
Least DC

2
8
9

!"

#$!%

18
30
7

7.82
17.82
4.37

&&

%'$'(

17
27
6

2.47
4.41
0.99

&'

#$)*

20
48
1

6.12
18.07
0.39

*"

(+$&"

5
20
1

0.82
3.29
0.16

(*

+$(#

17
14
1

2.72
2.30
0.16

%(

&$!)

7
57

2.73
35.24

TOTAL
07/12/12 Developed
Developing
Least DC

*+

%#$"#

14
16
1

2.27
2.63
0.16

TOTAL
Total by region: Developed
Developing
Least DC
TOTAL APPLIED PHYSICS (AP)
PHYSICS AND DEVELOPMENT (PD): 11 training activities
2329 ICTP-ITU/BDT School on
06/02/12 24/02/12 Developed
Sustainable Wireless ICT Solutions
Developing
for Environmental Monitoring
Least DC
TOTAL
2330 Advanced School on Scientific
20/02/12 02/03/12 Developed
Software Development: Concepts
Developing
and Tools

N. OF
APPLICATIONS

0.79
2.86
3.48

TOTAL
07/12/12 Developed
Developing

TOTAL
14/12/12 Developed
Developing
Least DC

N. OF LECTURERS

N. OF PERSONMONTHS***

N. OF VISITS**

REGIONS*

DATES

ACTIVITY TITLE

SMR

VISITS TO RESEARCH AND TRAINING ACTIVITIES, 2012

%!

&$'*

8
15
3

1.32
2.47
0.49

3

0

10

314

11

240

17

198

6

39

12

66

13

147

7

78

(*

+$(#

6

122

343
538
61
942

83.05
213.58
26.60
323.23

263

2474

17
17
6

6.87
10.32
3.22
14

173

+'

('$+(

27
27

10.36
10.36
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02/03/12

2334 AIP Industrial Physics Forum 2012:
Capacity Building for Industrial
Physics in Developing and Emerging
Economies

16/04/12

Least DC
TOTAL
19/04/12 Developed
Developing
Least DC

2335 Joint ICTP-TWAS Workshop on
Entrepreneurship for Physicists and
Engineers from Developing
Countries

23/04/12

2342 Scientific m-Learning

04/06/12

2344 ICTP eJournals Delivery Service
(eJDS) for Scientists in Developing
Countries: 10th Anniversary

08/06/12

2388 African School on Fundamental
Physics and its Applications
(Kumasi, Ghana)

15/07/12

2372 Joint ICTP-IAEA Workshop on
Sustainable Energy Development:
Pathways and Strategies after
Rio+20

01/10/12

*%!(

10/10/12

TOTAL
11/10/12 Developed
Developing

#)

2528 First openEyA Users Meeting Didactica para el Desarrollo (DxD)

13
7

0.85
0.44

$%&'

01/10/12

TOTAL
31/12/12 Developed
Least DC

#'

2531 International Master Course on
Physics of Complex Systems
(ICTP/SISSA/POLITECNICO
TORINO)

13
1

39.29
3.02

$*

*#%&$

2376 School on Numerical Methods for
Materials Science Related to
Renewable Energy Applications

26/11/12

30
24
1

4.14
3.95
0.16

TOTAL
27/04/12 Developed
Developing
Least DC
TOTAL
07/06/12 Developed
Developing
Least DC
TOTAL
08/06/12 Developed
Developing
TOTAL
04/08/12 Developed
Developing
Least DC
TOTAL
05/10/12 Developed
Developing
Least DC

TOTAL
30/11/12 Developed
Developing
Least DC
TOTAL
Total by region: Developed
Developing
Least DC

TOTAL PHYSICS AND DEVELOPMENT (PD)
OTHER ACTIVITIES : 4 training activities
2338 International School on Nuclear
07/05/12
Security

2343 Joint ICTP-IAEA Nuclear Safety
Assessment Institute Workshop

04/06/12

1;<,2<10 !"#"$%&"'
!"#"$%&-./
3"4567!8
TOTAL
15/06/12 Developed

2

0.59

!"

#$%&'

61
40
1

6.97
5.16
0.13

$'#

$#%#"

17
31
2

2.48
5.10
0.33

!'

(%)$

23
25
1

2.56
3.19
0.13

*)

!%++

18
24

0.59
0.79

*#

$%&+

3
12
15

2.07
8.28
10.36

&'

#'%($

11
17
1

1.61
2.79
0.16

N. OF
APPLICATIONS

N. OF PERSONMONTHS***

N. OF VISITS**

REGIONS*

20/02/12

N. OF LECTURERS

2330 Advanced School on Scientific
Software Development: Concepts
and Tools

DATES

ACTIVITY TITLE

SMR

VISITS TO RESEARCH AND TRAINING ACTIVITIES, 2012

14

121

42

114

12

165

20

147

15

2

0

33

6

86

19

0

0

0

!!

+%#!

16

211

233
224
30
487

77.80
50.38
18.11
146.30

158

1052

()
0*
9
('

*+,)
11+,2
0+9:
##%+!

$(

#'+

14

3.25
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2343 Joint ICTP-IAEA Nuclear Safety
Assessment Institute Workshop

04/06/12

2363 Joint ICTP-IAEA School of Nuclear
Knowledge Management

2374 Joint ICTP-IAEA School of Nuclear
Energy Management

N. OF
APPLICATIONS

N. OF LECTURERS

N. OF PERSONMONTHS***

15/06/12

Developing
Least DC
TOTAL
03/09/12 07/09/12 Developed
Developing
Least DC
TOTAL
05/11/12 23/11/12 Developed
Developing
Least DC
TOTAL
Total by region: Developed
Developing
Least DC

TOTAL OTHER ACTIVITIES

Total by region: Developed
Developing
Least DC
TOTAL TRAINING ACTIVITIES

Miscellaneous activities Developed
Developing
Least DC
TOTAL
GRAND TOTAL BY REGION: Developed
Developing
Least DC
GRAND TOTAL

N. OF VISITS**

REGIONS*

DATES

ACTIVITY TITLE

SMR

VISITS TO RESEARCH AND TRAINING ACTIVITIES, 2012

31
4

11.80
1.58

!"

#$%$!

25
26
2

4.11
4.27
0.33

&'

(%)#

48
25
5

13.05
14.60
2.83

11

150

10

136

)(

'*%!(

38

234

121
111
18
250

29.46
41.72
7.49
78.67

76

728

2459
642.26
2297
766.51
230
97.48
4986 1506.25 1321 10063

1632
1764
150
3546

306.34
221.92
31.92
560.18

0

0

4743 2117.34
4696 2485.68
472
534.74
9911 5137.76 1321 10891

*Regions:
LDCs=Least Developed Countries.
**: Number of visits not visitors.
***: Number of average months spent at ICTP by scientific visitors (1 average-month= 30.417 days).
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SUMMARY OF ICTP RESEARCH AND TRAINING ACTIVITIES 2012
PARTICIPATIONS BY REGION
LDCs* Developing Developed TOTAL
Regions
Regions
HIGH ENERGY, COSMOLOGY AND ASTROPARTICLE PHYSICS (HECAP)
Research
1
64
95
160
Training [8]
11
328
500
839
Postgraduate Diploma Programme
8
14
1
23
Total HECAP
20
406
596
1022
CONDENSED MATTER AND STATISTICAL PHYSICS (CMSP)
Research
4
80
139
223
Training [16]
34
521
825
1380
Postgraduate Diploma Programme
6
14
1
21
Total CMSP
44
615
965
1624
MATHEMATICS (Math)
Research
8
92
40
140
Training [5]
16
303
261
580
Postgraduate Diploma Programme
10
11
1
22
Total Math
34
406
302
742
EARTH SYSTEM PHYSICS (ESP)
Research
3
30
178
211
Training [10]
60
272
176
508
Postgraduate Diploma Programme
7
11
1
19
Total ESP
70
313
355
738
APPLIED PHYSICS (AP)
Research
3
20
46
69
Training [18]
61
538
343
942
Total AP
64
558
389
1011
PHYSICS AND DEVELOPMENT (PD)
Training [11]
30
224
233
487
Total (PD)
30
224
233
487
OTHER PROGRAMMES
ICTP-Elettra Users Programme
0
45
1
46
STEP Programme
9
31
5
45
TRIL Programme
11
81
22
114
Total PROGRAMMES
20
157
28
205
OTHER ACTIVITIES
Research
15
135
122
272
Training [4]
18
111
121
250
Postgraduate Diploma Programme
in Basic Physics
7
7
0
14
Total OTHER ACTIVITIES
40
253
243
536

PERSON-MONTHS BY REGION
LDCs Developing Developed
TOTAL
Regions
Regions

Total
Total
Total
Total

SCIENTIFIC FIELDS

Research
Training
Postgraduate Diploma Prog.
Programmes

LECTURERS

APPL.

0.56
3.64
46.12
50.32

85.05
90.36
82.32
257.73

334.45
117.12
7.65
459.22

420.06
211.12
136.09
767.27

170

5.72
10.28
27.39
43.39

145.43
168.12
69.05
382.6

224.18
192.62
6.69
423.49

375.33
371.02
103.13
849.48

410

14.83
8.86
52.95
76.64

146.86
125.60
51.52
323.98

55.53
101.35
0.89
157.77

217.22
235.81
105.36
558.39

122

10.77
22.5
38.98
72.25

58.59
76.74
62.13
197.46

229.41
40.87
8.02
278.30

298.77
140.11
109.13
548.01

122

955
139
1094

0.53
26.6
27.13

46.98
213.58
260.56

67.99
83.05
151.04

115.50
323.23
438.73

263
263

2474
2474

18.11
18.11

50.38
50.38

77.80
77.8

146.29
146.29

158
158

1052
1052

0.00
40.52
78.87
119.4

21.02
93.5
408.19
522.71

0.36
11.01
109.35
120.72

21.38
145.03
596.41
762.82

0

0

33.05
7.49

172.11
41.72

113.21
29.46

318.37
78.67

76

728

55.05
95.59

54.51
268.34

0.00
142.67

109.56
506.60

76

83
811

170

410

122

122

1579
212
1791

2441
217
2658

834
177
1011

34
230
38
20

421
2297
57
157

620
2459
4
28

1075
4986
99
205

65.46
97.48
220.49
119.39

655.02
766.5
319.53
522.71

1024.77
642.27
23.25
120.72

1745.25
1506.25
563.27
762.82

0
1321
0
0

0
10063
828
0

Miscellaneous

150

1764

1632

3546

31.92

221.92

306.34

560.18

0

0

GRAND TOTAL

472

4696

4743

9911 534.74

2485.68

2117.35

5137.77

1321

10891

*LDCs=Least Developed Countries.
Numbers in [ ] refer to total activities.
APPL.=N. of Applications.
Data on training activities include number of course directors, lecturers and tutors.
Data on TRIL Programme include fellow's visits to ICTP.

256

ICTP Full Technical Report 2012

STATISTICS

!"#$%&!'!#()'%*+,%$-)'(+./(+#0'%12%"(3+#)24%5675
Female
Visitors

Region/Country

Male
visitors

Total
visitors

Personmonths

Least Developed Countries (LDC's)
Africa (20)
1 189:9
2 1>?@:9A%BACD
3 1>?>9F:
4 "HAF
5 ,8IDJ?AK:J%)8L>MN:J%DO%KH8%"D9PD
6 -?:K?8A
7 -KH:DL:A
8 RAIM:A
9 S8CDKHD
10 /AFAPACJA?
11 /ANAV:
12 /A>?:KA9:A
13 /DWAIM:X>8
14 )VA9FA
15 '898PAN
16 '>FA9
17 #DPD
18 3PA9FA
19 39:K8F%)8L>MN:J%DO%#A9WA9:A
20 YAIM:A
Total Africa (LDCs)
% vs. total LDC's

6
7
7
6
6
6
7
6
7
G
6
6
6
6
G
76
6
5
G
6

;
=
6
G
5
5
GE
5
T
T
;
7
7
G
7U
7;
G
Q
76
T

;
E
7
G
5
5
GQ
5
U
E
;
7
7
G
7Q
5;
G
77
7G
T

7;<6=
7E<;E
6<5G
56<E7
7<55
75<76
7GQ<6G
7<75
5<=G
Q<5=
5<5;
7<Q=
=<EQ
5<67
TG<GG
=;<GG
7E<5E
7=<;U
U<5E
5<QG

25

134

159

405.76

66%

64%

65%

76%

=
5
5
6

5G
7
55
5

G6
G
5;
5

U=<76
7<UE
;T<U6
7<7E

Asia (4)
21 1A9PNAF8CH
22 /ZA9IA?
23 +8LAN
24 28I89
Total Asia (LDCs)
% vs. total LDC's

11

48

59

115.56

29%

23%

24%

22%

Latin America and the Caribbean (1)
25 0A:K:

5

5U

5E

75<QT

2

26

28

12.95

% vs. total LDC's

5%

13%

11%

2%

Total Least Developed Countries (LDC's)
% vs. grand total

38
3%

208
5%

246
5%

534.27
10%

Q
7
E
7

5Q
5
5=
7G

GE
G
GT
7;

;;<E7
G<=T
=7<7E
GT<;;

Total Latin America and the Caribbean

Developing Regions
Africa (14)
26 *NP8?:A
27 1DKCVA9A
28 "AI8?DD9
29 "D9PD
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!"#$%&!'!#()'%*+,%$-)'(+./(+#0'%12%"(3+#)24%5675
Region/Country
30 "89:%;<!=>?@:
31 -DEF9
32 JKL>M
33 JOKMK
34 Q:MEK
35 />@>RR>
36 +?D:@?K
37 '>S9O%*T@?RK
38 #SM?U?K
39 V?WLKLX:
Total Africa
% vs. total Developing Regions

Female
Visitors

Male
visitors

Total
visitors

Personmonths

7
7G
6
P
I
A
7H
7B
B
N

A
H5
7
NH
N5
N5
AB
GG
7H
H

B
GA
7
H6
H7
NI
I5
AN
55
A

BCBB
GICGH
6CNN
I5CIH
GPC55
5ACIB
7HGCGH
HNCHP
7AC7I
77CG7

100

370

470

618.77

17%

21%

20%

25%

7
H
NN
6
5
5
N
6
77
7
7
N

6
7I
PG
N
G
G
P
N
HA
7
P
7

7
5N
IB
N
A
A
I
N
GB
5
A
H

6C56
5HCI5
77HCGH
6CBG
NC5I
76CAG
HCA6
7CHB
NICHG
6CIG
5C76
5CPN

Latin America and the Caribbean
Caribbean (12)
40 1K@LK;>U
41 ">U9K%)?RK
42 "SLK
43 ,>W?M?RKM%):FSLY?R
44 -Y%'KY=K;>@
45 JSK9:WKYK
46 0>M;S@KU
47 ZKWK?RK
48 /:[?R>
49 +?RK@KDSK
50 $KMKWK
51 #@?M?;K;%KM;%#>LKD>
Total Caribbean
% vs. Total Latin America and the Caribbean

61

161

222

205.87

35%

31%

32%

36%

NP
5
H5
H
7P
6
6
5
N
B

AP
6
7GA
7I
G7
I
7
7P
P
7I

775
5
7II
5N
PA
I
7
7B
I
5A

ABC7G
75C76
75NCBB
76C5I
GNCIG
7GCHG
6C5N
76CN5
NCIG
GPCHB

113

354

467

364.80

65%

69%

68%

64%

174

515

689

570.67

30%

29%

29%

23%

Latin America (10)
52 *@D:M9?MK
53 1>Y?=?K%\$YS@?MK9?>MKY%'9K9:%>T]
54 1@K^?Y
55 "O?Y:
56 ">Y>WL?K
57 -RSK;>@
58 $K@KDSKE
59 $:@S
60 3@SDSKE
61 &:M:^S:YK%\1>Y?=K@?KM%):FSLY?R%>T]
Total Latin America
% vs. Total Latin America and the Caribbean

Total Latin America and the Caribbean
% vs. total Developing Regions
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!"#$%&!'!#()'%*+,%$-)'(+./(+#0'%12%"(3+#)24%5675
Female
Visitors

Region/Country

Male
visitors

Total
visitors

Personmonths

Asia (33)
62 *89:;<=
63 *A:8B=<C=;
64 1=E8=<;
65 "E<;=G
66 ,:9JK8=L<K%$:JMN:OP%):MQBN<K%JR%SJ8:=
67 U:J8V<=
68 0J;V%SJ;V%'*)%JR%"E<;=
69 !;W<=
70 !;WJ;:P<=
71 !8=;%X!PN=9<K%):MQBN<K%JRY
72 !8=Z
73 [J8W=;
74 S=A=\EPL=;
75 SQ]=<L
76 S^8V^APL=;
77 _:B=;J;
78 /=N=^P<=
79 /=NW<`:P
80 /J;VJN<=
81 $=\<PL=;
82 $=N:PL<;:
83 $E<N<MM<;:P
84 a=L=8
85 ):MQBN<K%JR%SJ8:=
86 '=QW<%*8=B<=
87 '<;V=MJ8:
88 '8<%_=;\=
89 '^8<=;%*8=B%):MQBN<K
90 #E=<N=;W
91 #Q8\:^
92 3;<L:W%*8=B%-9<8=L:P
93 3AB:\<PL=;
94 &<:L%+=9
Total Asia
% vs. total Developing Regions

Total Developing Regions
% vs. grand total

>
7
5
FF
6
D
7
>?
?
TI
5
6
D
6
7
7
7T
6
D
56
5
I
7
>
6
7
F
6
H
7I
6
7
7H

77
5
6
7F6
5
T
6
5FH
D>
757
F
76
7
7
6
D
5I
7
H
IF
5
76
7
DT
7D
77
7H
7
7T
FF
F
I
D7

7?
D
5
7?F
5
?
7
D5F
FT
7?6
H
76
F
7
7
F
FF
7
I
77F
F
7I
5
F5
7D
75
56
7
57
HD
F
76
F>

7>@??
5@6>
7@>F
57H@FI
D@IT
55@7I
6@FH
DDF@I?
DT@DF
7??@T7
>@FH
I@5>
7>@H5
6@5D
5@ID
>@HI
DD@FF
6@FH
77@>>
75D@H?
D@65
7?@TF
6@HI
5D@57
T@FH
F@7?
77@?F
6@5H
DT@6T
HF@IH
7@T7
7D@H?
>H@7F

314

905

1219

1296.71

53%

51%

51%

52%

588
49%

1790
43%

2378
45%

2486.14
48%

5
5H

6
>H

5
765

D@7I
56@H7

Developed Regions
Europe (36)
95 *NB=;<=
96 *QPL8<=
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!"#$%&!'!#()'%*+,%$-)'(+./(+#0'%12%"(3+#)24%5675
Region/Country
97 189:;<=
98 189@A<B
99 1G=HA:%:HI%08;J8@GKAH:
100 1<9@:;A:
101 ";G:LA:
102 "OP;<=
103 "J8QR%)8P<S9AQ
104 ,8HB:;T
105 -=LGHA:
106 UAH9:HI
107 U;:HQ8
108 V8;B:HO
109 V;88Q8
110 0<H@:;O
111 !;89:HI
112 !L:9O
113 WALR<:HA:
114 /:9L:
115 +8LR8;9:HI=
116 +G;X:O
117 $G9:HI
118 $G;L<@:9
119 )8P<S9AQ%GY%/G9IGK:
120 )GB:HA:
121 )<==A:H%U8I8;:LAGH
122 '8;SA:
123 '9GK:TA:
124 '9GK8HA:
125 'P:AH
126 'X8I8H
127 'XALJ8;9:HI
128 #R8%UG;B8;%2<@G=9:K%)8P>%GY%/:Q8IGHA:
129 3T;:AH8
130 3HAL8I%ZAH@IGB
Total Europe
% vs. Developed Regions

Female
Visitors

Male
visitors

Total
visitors

Personmonths

7
C
5
C
7C
7
5
?
D
7
CD
C7
C
M
5
7D6
6
6
N
D
7M
D
5
77
7M
?
6
E
7?
E
7F
6
E6
CC

77
57
6
?
5C
6
77
7D
C
76
7M6
7E5
?
F
5
E6N
7
7
DD
?
C5
77
5
7C
M?
7C
5
5N
MF
55
?E
E
6
7ME

75
5D
5
77
CM
7
7C
55
N
77
7FD
7?C
77
7E
D
MDN
7
7
E7
75
D?
7E
D
5D
?D
57
5
C5
?N
5N
76D
E
E6
7F?

56>?7
E>F5
6>F5
CD>C5
75>NM
D>7?
D>77
7M>DD
C>M?
C>DE
N5>6M
?D>EM
C>75
7M>MN
N>7C
77M5>?D
6>5C
6>DF
7C>?7
D>MN
56>7E
E>?E
5>CN
75>CC
DM>CM
77>6E
7>75
76>5M
E6>5D
7N>5M
M7>E7
7C>E?
D7>F?
76F>5E

480

1583

2063

1899.27

85%

75%

77%

90%

76
M?

D5
C?E

E5
DEC

5D>C6
7EE>M6

North America (2)
131 ":H:I:
132 3HAL8I%'L:L8=%GY%*B8;AQ:
Total North America
% vs. Developed Regions

78

427

505

179.90

14%

20%

19%

8%

C
5

7M
D

7F
M

E>FE
7>ND

Oceania (2)
133 *<=L;:9A:
134 +8X%[8:9:HI
Total Oceania
% vs. Developed Regions

5

20

25

7.69

0.88%

0.94%

0.93%

0.36%
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!"#$%&!'!#()'%*+,%$-)'(+./(+#0'%12%"(3+#)24%5675
Female
Visitors

Region/Country

Male
visitors

Total
visitors

Personmonths

Asia (2)
135 !89:;<
136 A:B:C
Total Asia
% vs. Developed Regions

Total Developed regions
% vs. grand total

GRAND TOTAL

5
=

=7
D5

==
DE

>?@6
56?D@

5
1%
534
46%

93
4%
2157
52%

98
4%
2691
51%

30.48
1%
2117.34
41%

1160

4155

5315

5137.75

The grand total of visitors includes 602 participants to regional training courses, organized by ICTP but held in other
countries.
*Data includes 9 visitors and 8.81 person-months from Taiwan, China.
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Region of Origin, ICTP visitors 2012
Regions
LDCs*
Africa
Asia
Europe
Latin America and the Caribbean
North America
Oceania
GRAND TOTAL

159
59
—
28
—
—
246

% vs. Total Visitors

5%

Visitors from…
Person-months
Total
Developing Developed
Developing Developed
LDCs*
Visitors Person-months
Regions
Regions
Regions
Regions
470
— 405.76
618.77
—
629
1024.53
1219
98 115.56
1296.71
30.48
1376
1442.75
—
2063
—
—
1899.27
2063
1899.27
689
—
12.95
570.67
—
717
583.62
—
505
—
—
179.90
505
179.90
—
25
—
—
7.69
25
7.69
2378
2691 534.27
2486.15
2117.34
5315
5137.76
45%

51%

10%

48%

41%

The grand total of visitors includes 602 participants of regional training courses, organized by ICTP but held in other countries.
*Least Developed Countries.
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